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FOREWORD 


In  tlifc  ievelopment  of  operacional  feeding  jyatftma  Increaaed  conalderatlon 
is  being  given  to  the  logistic  advantages  of  affecting  a  reduction  In  food 
volume  corresponding  to  the  decrease  in  weight  achieved  by  dehydration.  Such 
a  reduction  in  volume  becomes  a  virtual  necessity  in  the  design  of  specialised 
food  pickets  for  the  soldier  who  muet  nrry  on  his  person  his  entire  food 
supply  for  extended  periods  in  which  t. supply  is  not  feasible.  Historically 
the  concentrated  or  compacted  foods  in  tie  militav}  supply  system  have  oeen 
restricted  to  confectionary  items,  compmsaed  cereals  and  one  ground,  air 
dried  meat  bar  of  marginal  acceptability 

In  theory,  any  food  which  is  sufficiently  dry  to  be  stable  can  be 
fabricated  into  compact  bars.  This  concept  can  be  extended  to  the  develop¬ 
ment  of  iDOic  sophisticated  bara  which  are  not  only  acceptable  for  direct  con¬ 
sumption  but  are  also  susceptible  to  hydration  to  yield  amillat  food  items. 

For  example,  a  cream  soup  bar,  a  beef  stew  bar  or  a  cliccolate  pudding  bar 
may  be  designed  both  for  direct  consumption  or  for  rehydr.stion  to  a  coomon 
meal  item  of  greater  acceptability.  As  a  working  hypothesis  it  is  assusK^d 
that  suitable  bars  can  be  prepared  either  by  cooipresaing  or  molding  certain 
Jry  foods.  Extension  of  these  techniques  to  the  preparation  of  suitable  bars 
from  virtually  all  dry  foods  is  presianed  to  require  the  incorporation  of 
special  components  to  insure  proper  cohesion  and  other  esaentiel  properties. 
Phis  investigation  seeks  the  developoient  end  deaonatreclon  of  one  or  more 
edible  components  which  insure  the  preparetion  of  a  great  variety  of  laolded 
food  bers  to  be  consumed  both  dry  and  after  rahydratlon. 

The  investigation  described  In  this  report  was  conducted  by  the  Bvena 
Research  and  Development  Corporation,  250  East  43rd  Street,  New  York  10017, 
under  contract  number  DA19-129>AHC>2111.  Dr.  E.  J.  Hewitt  served  es  Offlclel 
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ABSTRACT 


The  object  of  the  program  was  Co  produce  a  suitable  oiacrlx  for  various 
food  components  (soups,  beverages,  and  casseroles)  which  would  not  detract 
from  the  basic  flavor  of  the  major  food  component.  A  satisfactory  matrix 
was  made  from  lactose  (99X)  and  sodivjm  carboxymethylcellulose  (1%).  The 
matrix  can  be  produced  successfully  by  tray-drying  or  freeze-deying.  This 
report  suBanarizes  the  work  performed  in  Phaee  1  and  Phase  II  of  the  contra, 
and  gives  the  results  of  the  various  shelf-life  tests.  In  general,  the 
lactose/carboxymethylcellulose  matrix  performed  well  over  the  broad  range 
of  products  chat  tfere  tested. 
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INTRODUCTION 


On  Srptember  17,  1962  Evans  Research  and  Development  Corporation 
was  authorized  by  the  Armed  Forces  Food  and  Container  Institute  of 
the  U.  S.  Army  Quartermaster  Research  and  Engineering  Center,  Natick, 
Kassachusetts,  to  Initiate  work  on  an  all-purpose  matrix  for  molded 
food  bars  capable  of  binding  various  types  of  food  material. 

The  objective  of  the  program  was  to  develop  two  matrices:  one 
matrix  (Composition  C)  was  to  bind  dehydrated  solid  foods,  for 
example,  beef  stew,  lemon  cream  puddings  and  chicken  and  rice.  The 
second  matrix  (Composition  D)  was  to  be  utilized  in  soups  and  bev¬ 
erages.  If  possible,  the  development  of  a  single  matrix  to  serve 
both  food  groups  would  be  highly  desirable. 

The  matrix  developed  should  not  impart  any  flavor  foreign  to 
the  food  ingredient  being  molded.  The  food  bar  should  have  an 
acceptable  odor  and  clavor  characteristic  of  the  primary  composi¬ 
tion.  In  addition  to  the  above  specifications,  all  food  bars 
should  conform  with  detailed  specification  as  listed  in  the 
contra ;t . 
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SUMMARY 


An  all-purpose  matrix  was  developed  to  be  used 
as  a  base  for  compressed  food  bars.  These  food  bars  are 
prepared  with  a  food  component  such  as  beef  stew,  soup, 
pudding  and  beverage.  The  preparation  of  the  food  bars 
involved  simply  the  mixing  of  the  matrix  with  the  dehy¬ 
drated  food  and  subsequent  molding  with  pressure  into  bars. 
The  all-purpose  matrix  (Matrix  Formula  No.  18)  consists  of 
lactose  and  sodium  carboxymethylcellulose. 

Matrix  No.  18  was  found  to  be  an  adequate  binder 
for  all  types  of  food  products  in  the  contract  and  to  satis¬ 
fy  all  the  specifications  for  an  edible-type  binder  for 
food  materials.  In  general,  Matrix  No.  18  produced  food 
bars  which  passed  all  requirements  in  the  shelf-life  tests. 

The  only  food  bars  which  were  below  contract 
specifications  were  the  pudding  bars  due  to  hardness  and 
orange  bars  due  to  hydroscopiclty.  In  both  instances 
these  defects  were  caused  by  the  very  nature  of  the  food 
component. 


Matrix  No.  18  can  be  readily  made  by  tray- drying 
or  freeze- drying.  Although  tray-drying  and  freeze-drying 
were  proven  to  be  satisfactory,  there  may  be  economic 
reasons  for  the  preparation  of  the  matrix  by  spray- dry ing. 
Some  encouraging  results  were  obtained  In  ;,pray-drying,  but 
additional  work  Is  necessary  to  Improve  the  matrix  by  this 
method. 


EXPERIMENTAL  DISCUS SION 


I.  SCREENING  OF  MATRIX  INGREDIENTS 

Evai's  Research  obtained  samples  of  basic  foodstuffs 
and  pertinent  information  regarding  binding  qualities,  nutri¬ 
tional  ar.d  stability  data  from  various  suppliers.  More  than 
seventy  samples  were  received  and  evaluated  as  constituents 
for  Compositions  C  and  D.  Table  I  lists  these  by  major  nutri¬ 
tional  category  and  supplier. 

The  materials  were  screened  for  bland  flavor  by  an 
informal  panel.  In  addition,  the  physicel  binding  and  adhe¬ 
sive  properties  of  many  of  the  Ingredients  \rere  examined  in 
trial  formulations.  Based  upon  the  results  of  the  screening 
program,  prototype  formulations  were  prepared  and  studied. 

Given  below  is  a  summary  of  results  of  the  screening 
program  to  identify  ingredients  that  would  be  suitable  for 
Composition  C  and  D  matrices. 

A.  Proteins 


These  ingredients  included:  (1)  dairy  derivatives, 
such  as  nonfat  dry  milk  solids,  caseinates,  and  lactalbumin; 
(2)  soy  products;  (3)  gelatins;  (4)  glutlnt*  (5)  yeasts. 

Of  all  ingredients  evaluated,  Promlne  D  (soy  product) 
was  best  suited  for  Composition  C  and  D  requirements.  Promine 
D  has  a  bland  flavor,  good  water- absorbi^t  prc»perties,  and 
good  binding  properties.  This  ingredient  was  finally  se¬ 
lected  for  the  intermediate  and  final  formulas  «ihich  will  be 
discussed  later. 

B.  Carbohydrates 

Rice,  barley  and  oatmeal  baby  cereals  were  examined 
as  they  represented  a  bland  source  of  carbohydrate  with  good 
binding  and  adhesive  properties.  All  three  of  the  cereals 
were  found  to  be  interchangeable  in  the  preliminary  formulas. 

Other  carbohydrate  materials  such  as  confectionery, 
brown,  and  granulared  sugar,  molasses,  corn  syrup,  and  honey, 


all-purpose,  oat  and  potato  flour,  lactose;  and  Clearjel  stare 
were  all  tested  and  found  to  contribute  to  the  adhesive  and 
binding  nature  of  the  matrix.  The  confectionery  and  granu¬ 
lated  sugar,  corn  syrup,  Clearjel  starch,  and  Lactose  provided 
no  additional  flavor  characteristics  and  were  judged  to  be  ac¬ 
ceptable  carbohydrate  sources. 

Granulated  sugar  and  lactose,  In  these  preliminary 
tests  showed  the  most  promise. 

C.  Fats 

Hydrogenated  shortening  due  to  its  lack  of  greasy 
aftertaste,  bland  flavor,  good  mixing  properties,  high  melt¬ 
ing  point  and  stability  has  been  used  in  all  formulations 
requiring  fat. 

Spray-dried  fats  were  evaluated,  but  were  not  util¬ 
ized  as  their  particular  free-flowing  properties  apparently 
would  not  be  required. 

D.  Gums  and  Modified  Starches 

Based  upon  the  screening  evaluation,  almost  all  of 
the  natural  gums  and  synthetic  polymers  tested  have  proved 
to  be  quite  effective  as  binding  and  adhesive  aids  in  the 
matrix  formulation. 

In  preliminary  %rork  it  was  not  known  how  Important 
the  use  of  these  types  of  materials  would  be  in  Compositions 
C  and  D.  As  discussed  later,  carboxymethylcellulose  was 
chosen  as  a  main  ingredient  for  the  general  purpose  matrix 
(Formula  No.  18). 

II.  lESTIWG  OF  PRELIMINARY  FORMULAS  FOR  COMPOSITION  C  PRODUCTb 

A.  Selection  of  Formula  No.Z 

The  materials  which  passed  the  initial  screening 
were  compounded  into  matrix  formulations.  The  mixing  pro¬ 
cedure  followed  for  blending  the  matrix  for  Compositions  C 
and  D  is  as  follows; 
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All  readily  soluble  dry  Ingredients  were  dry* 
blended  together  using  a  Hobart  mixer.  Ingredients  such 
as  gums  or  gelatin  were  first  dispersed  in  minimum  amounts 
of  water  and  the  above  components  added  and  mixed  until  the 
adhesive  properties  of  the  matrix  ware  developed.  The  food 
components  were  added  and  blended  and  the  entire  mixture 
was  cast  into  molds  and  allowed  to  set  up  at  room  tempera* 
ture.  At  this  point  the  food  components  used  for  these 
evaluations  were  ground  crackers  and  cookies. 

★ 

It  was  found  that  Elvanol  (polyvinyl  alcohol)  im¬ 
proved  the  molding  and  handling  properties  of  the  formula. 

Also  gelatin  and  Clearjel  starch,  when  used  in  com¬ 
bination  with  Elvanol,  gave  additional  improvements. 

Formula  7  (given  below)  was  described  as  the  most 
satisfactory  prototype  for  Composition  C.  However,  it  was 
believed  that  systematic  modification  of  the  basic  Formula 
7  would  yield  an  improved  bar  matrix. 


FORMULA  NO.  7 


Ingredient 

Hydrogenated  vegetable 
shortening 

Prominc  D  (Clarified) 

Sugar,  granulated 
Gelatin  XXX 
Clearjel  starch 
Elvanol  50-42  (PVA) 

Water  ^ 

Green  Pea  Soup,  dehydrated 


IM . WeJUbt 

4.00 

1.20 

4.00 

0.20 

0.40 

0.20 

10.00 

80.00 


B.  Examination  and  Modification  of  Formula  Ho.  7 

1.  Hydrogenated  Vegetable  Shortening 

The  major  source  of  fat  in  Formula  7  was  hydrogenated 
vegetable  shortening,  accounting  for  41  percent  of  the  matrix 

*While  permissible  in  pharmaceutical  products,  polyvinyl  al¬ 
cohol  is  not  permitted  in  foods  but  was  used  to  serve  as  an 
example  of  an  effective  binding  agent. 

Added  component. 
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on  a  dry  basis.  To  determine  the  effect  of  different  fat 
levels,  the  percentage  of  fat  in  Formula  7  was  Increased 
and  decreased  in  5  percent  increments. 

As  the  fat  level  decreased,  the  bar  samples  became 
more  crumbly.  As  the  fat  level  increased,  the  composition 
became  more  plastic  and  could  not  withstand  pressure  or  mold¬ 
ing.  On  the  basis  of  these  tests  the  fat  level  was  left  at 
41  pevcent. 

2 .  Promine  D 


The  increment  approach  was  taken  in  determining  the 
effect  of  Promlne  D  level  in  Formula  7  (1.20%).  It  was 
found  that  an  increase  of  Promlne  D  bound  the  water  exces¬ 
sively  and  produced  a  distinct  crumbling  effect  in  the  bar. 

On  the  other  hand,  a  decrease  in  the  quantity  of  Promine  D 
did  not  adversely  affect  the  bindinf  characteristics  of  the 
bar  until  the  level  went  below  0.40  percent.  The  complete 
removal  of  Promine  D  produced  an  unsatisfactory  bar.  On 
the  basis  of  this  work,  the  Promine  D  level  was  reduced 
from  1.20  percent  to  0.40  percent. 

3.  Granulated  Sugar 

Granulated  sugar  was  the  next  item  critically  ex¬ 
amined.  It  was  found  that  the  original  4.00  percent  quan¬ 
tity  of  sugar  was  necessary.  However,  substitution  of  50 
percent  of  the  granulated  sucrose  with  confectioner's  sugar 
had  a  beneficial  effect  on  the  formulation.  Apparently, 
the  small  amount  of  starch  present  in  the  lOX  sugar  aided 
in  the  dispersion  of  the  Promine  D  and  the  Clear Jel  starch. 

4.  Clearicl  Starch 

In  evaluating  the  use  levels  of  Clear Jel  starch, 
it  was  found  that  a  50  percent  reduction  produced  an  ac¬ 
ceptable  product.  The  complete  removal  of  Clear jel  destroyed 
the  binding  qualities  of  the  matrix  and  produced  a  bar  with 
little  or  no  resistance  to  pressure.  The  Clearjel.  when  in¬ 
creased  beyond  0.48  percent  of  the  bar  formula,  began  to 
Introduce  a  crumbling  effect.  On  the  basis  of  these  tests, 
the  Clearjel  was  left  at  its  Initial  level  of  0.40  percent. 
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5.  Polyvinyl  Alcohol 

The  Elvanol  50-42  or  polyvinyl  alcohol  content  of 
Formula  7  (0,207.)  was  altered  in  increments.  Lower  levels 
produced  a  food  bar  which  was  structurally  weak  and  slightly 
sticky.  Complete  removal  of  the  Elvanol  destroyed  the  ma¬ 
trix.  By  increasing  the  quantity  of  Elvanol,  a  stn  ger  bar, 
physically  superior  to  the  original  Formula  7  was  produced. 

The  best  or  most  efficient  level  was  found  to  be  0.40  percent. 

6.  Gelatin 

Gelatin  was  originally  incorporated  in  Formula  7 
for  its  bland  flavor,  binding  properties  and  f ilm-foxrming 
characteristics.  However,  a  slight  stickiness  was  noted 
with  its  use. 

In  these  modification  studies  of  Formula  7,  a  satis¬ 
factory  substitute  for  Elvanol  was  not  found.  Additionally, 
the  Increase  in  polyvinyl  alcohol  content  functioned  similar¬ 
ly  to  the  gelatin.  Consequently,  the  gelatin  fraction  of 
the  food  bar  was  eliminated  with  a  physically  superior  bar 
as  the  result. 

7.  Screening  of  Protein  Sources 

A  low- flavor  sodium  caseinate  (Sheffield  Chemical 
Co.)  was  investigated  as  a  protein  source  both  for  its  nutri¬ 
tional  amino  acid  balance  and  its  emulsifying  and  water- binding 
properties.  The  substitution  of  Promine  D  with  sodium  casein¬ 
ate  produced  a  food  bar  with  a  cruad>ling  effect. 

Edi-Pro  A  and  N,  soy  protein  fractions  manufactured 
by  the  Ralston  Purina  Co.,  were  also  examined.  No  signifi¬ 
cant  advantage  over  the  use  of  Promine  D  could  be  found. 

The  net  result  of  these  modifications  was  Formula  14, 
given  below.  The  over- all  composition  and  nutritional  break¬ 
down  is  given  Tables  II  and  III. 
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FORMULA  NO. 14 


Ingredient 

7.  Bv  Weight 

Hydrogenated  vegetable 

4.00 

shortening 

Promine  D  (Clarified) 

0.40 

Sugar,  granulated 

2.00 

Sugar,  lOX 

2.00 

Clearjel  Starch 

0.40 

Elvancl  50-42  (PVA) 

0.40 

Water  ^ 

10.00 

Food  material 

80.80 

*3,  Evaluation  of  Formula  No.  14 

The  following  food  components  were  tested  with 
Formula  14  as  Composition  C. 


Precooked  Tapioca 
Graham  Crackers 
Cookies,  5-10%  moisture 
Pie  Crust,  107o  moisture 
Dry  Peaches,  18%  moisture 
Peanuts 

FOOD  Freeze-Dried  Cooked  Chicken 

-  Prefried  Bacon 

Sweet  Chocolate 

Dried  Dates,  20%  moisture 

Fruit  Preserves,  20%  moisture 

Gouda  Cheese  or  Equivalent 

Precooked  Freeze-Dried  Scrambled  Eggs 

Dry  Fish  (cooked) 

Split  Pea 
Cream  of  Mushroom 

SOUP  Shrimp  Chowder 

Chicken 
Beef 


BEVERAGE 


Added  component. 


Coffee 

Tea 

Milk  (nonfat) 
Cocoa 

Orange  Crystals 
Buttermilk 


A 
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The  food  bars  were  prepared  with  Formula  14  by 
first  blending  the  matrix  components  until  its  adhesive  prop¬ 
erties  were  developed.  Then  the  food  component  was  added,  and 
blended.  The  bars  were  hand-molded  and  allowed  to  set  up  at 
room  temperature.  Of  the  food  components  tested,  only  the 
scrambled  eggs,  cheese,  and  dry  fish  failed  to  combine  suc¬ 
cessfully  with  Formula  14. 

Informal  sensory  examination  indicated  that  the 
food  bars  produced  were  acceptable  In  both  odor  and  taste. 

Only  one  problem  was  encountered;  an  oil  slick 
was  observed  to  form  on  the  surface  of  the  bar  prepared  with 
roasted  peanuts.  Pretreatment  of  the  peanuts  before  incor¬ 
poration  overcame  this  condition. 

The  food  bars  prepared  with  Formula  14  were 
screened  informally  for  compliance  with  the  physical  require¬ 
ments  of  the  contract.  All  of  the  bars  were  easily  sheared 
by  Incisors  and  chewable.  They  did  not  shatter  when  dropped 
from  a  height  of  6  feet  onto  a  concrete  floor.  They  did  not 
become  sticky. 

The  food  bars  were  screened  for  dimensional 
stability.  The  results  were  satisfactory  as  the  bars  with¬ 
stood  5  pound  pressure  per  square  Inch  for  24  hours  at  IZO'^F. 
They  were  also  satisfactory  after  exposure  to  the  same  pres¬ 
sure  at  75®F  for  a  full  week. 

Eli.  TESTIMG  OF  PRELIMIWARY  FORMULAS  FOR  COMPOSITIOH  D 
PRODUCTS 

As  per  contract  specifications.  Composition  D  was 
to  be  developed  as  a  base  for  soup  and  beverage  bars.  These 
bars  should  be  suitable  for  consumption  as  bars  or  dispers¬ 
ible  in  water  to  yield  an  acceptable  soup  or  beverage. 

In  the  selection  of  a  binding  agent  for  use  in 
Composition  D,  corn  syrup,  molasses,  and  brown  sugar  had 
satisfactory  physical  properties,  but  molasses  and  brown 
sugar  gave  rise  to  detectable  flavors  in  food  bar  compositions. 
Corn  syrup  was  thus  given  further  examination  as  a  binding 
agent . 


-  9  - 
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Inducing  a  very  slow  rate  of  rehydration,  the 
less  dispersible  rice  cereal  and  Promine  D  were  replaced  by 
a  greatly  Increased  percentage  of  nonfat  dry  milk  solids. 

The  initial  attempts  to  formulate  Composition  D 
were  generally  unsuccessful  due  to  slow  rates  of  rehydration. 

As  a  result,  a  completely  new  approach  v;as  taken.  The  ap¬ 
proach  was  to  screen  only  those  ingredients  which  are  readily 
cold-water  soluble. 

The  first  combinations  examined  were  blends  of 
sucrose  or  invert  sugar  with  cold-water  soluble  gums.  The 
use  of  99  percent  sucrose  or  invert  with  1  percent  polyvinyl 
alcohol  (Elvanol  30-42)  was  found  to  give  physically  satis¬ 
factory  Composition  D  prototypes.  The  over-all  composition 
and  nutritional  breakdown  are  listed  in  Tables  II  and  III. 

The  formulas  were  prepared  by  dissolving  99  grama 
of  pure  sucrose  in  a  quantity  of  water  containing  1  gram  of 
PVA.  The  resultant  mixture  was  freeze-dried.  The  product 
was  a  dry,  crystalline  powder  with  a  rapid  rehydration  rate. 

The  dry  sucres;  and  PVA  mixture  was  blended  with  soup  and 
beverage  ingreoiei  tj,  to  which  a  small  quantity  of  water  had 
been  added.  The  mixture  was  heated  at  212  F  for  60  minutes 
and  hand  molded  into  bars. 

The  general  physical  characteristics  of  the  formu¬ 
lated  bars  were  good.  They  dissolved  slowly  in  room  tempera¬ 
ture  water  but,  in  view  of  past  problems  in  obtaining  rehydra- 
tlon,  this  work  was  significant.  Dispersing  and  disintegrating 
aids  were  next  examined  In  order  to  increase  rehydration  rates. 

The  soup  ingredients  examined  were  dehydrated 
green  pea  soup  and  dehydrated  chicken  soup.  The  beverages 
examined  were  nonfat  dry  milk  and  orange  crystals.  Any  pos¬ 
sible  flavors  contributed  by  the  presence  of  sucrose  or  in¬ 
vert  in  the  base  composition  were  judged  informally  to  have 
been  masked  by  the  major  food  ingredient. 

The  food  bars  produced  were  informally  scroeneu 
for  physical  characteristics.  All  of  the  formulations  were 
judged  acceptable  for  shearabil ity ,  chewability,  shatter  re¬ 
sistance,  dimensional  stability  and  stickiness. 

Composition  D  was  basically  designed  to  take  ad¬ 
vantage  of  the  film-forming  and  adhesive  qualities  of  sucrose 
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and  polyvinyl  alcohol.  Composition  D  also  successfully 
bound  graham  crackers,  freeze-dried  chicken,  and  dried  dates 
into  food  bars. 

The  evidence  began  to  point  to  the  fact  that  a 
prototype  had  been  developed  which  could  effectively  make 
food  bars  for  the  majority  of  foods  listed  under  both  Com¬ 
positions  C  and  D.  At  the  same  time,  it  would  be  advanta¬ 
geous  to  reduce  the  sweetness  level  of  the  matrix  and  find 
substitutes  for  polyvinyl  alcohol.  The  following  experi¬ 
ments  were  conducted  in  an  effort  to  produce  a  general  pur¬ 
pose  matrix  for  both  Compositions  C  and  D. 

IV.  DEVELOPMENT  OF  GENERAL  PURPOSE  MATRIX  FORMULA  NO.  18 

A.  Evaluation  of  Carbohydrates  and  Final  Selection 
of  Lactose 


Carbohydrates  were  tested  separately  in  combina¬ 
tion  with  a  single  polymer,  namely  sodium  carboxymethylcellu- 
lose.  The  items  tested  as  the  major  carbohydrate  portion  of 
the  matrix  were  sucrose,  dextrose,  lactose,  modified  starches, 
unmodified  starches,  starch  fractions,  invert  syrup,  dex- 
trans  and  dextrins.  Since  the  dextrans  and  dextrine  can  be 
classified  as  both  carbohydrates  and  polymers,  they  were 
tested  separately  under  the  two  groups,  t.e.,  as  polymers 
they  replace  sodium  carboxymethylcellulose  at  the  1  percent 
level  and  as  carbohydrates  they  replace  sucrose  at  the  99  per¬ 
cent  level.  (Table  IV) 

The  methods  for  forming  the  first  set  of  food  bars 
with  the  above  mentioned  cofsponents  is  described  in  Table  V. 
The  following  results  were  obtained: 

1.  Of  all  the  carbohydrates,  sucrose,  dextrose  and  lac¬ 
tose  made  the  beat  food  bars  with  sodium  carboxy- 
methylcellulose. 

2.  The  modified  and  regular  starches,  the  dextrans  and 
dextrins  were  unsatisfactory  due  either  to  (a)  the 
flavor  they  imparted  to  the  food  component  or 

(b)  slow  rehydration  rates. 

3.  Based  upon  organoleptic  evaluations  of  the  sucrose, 
dextrose  and  lactose  matrices,  the  lactose  was  pre¬ 
ferred  for  its  lower  sweetness  level. 


B.  Evaluation  of  Polvmer*?  and  Final  Selection  of  CMC 


The  next  step  was  the  addition  of  a  series  of 
polymers  in  place  of  sodium  carboxymethylcellulose .  Poly¬ 
vinylpyrrolidone,  niothy  Icellulose  j  hydroxycthylcellulose , 
dextrins,  dextrans,  cellulose  acetate  phthalate,  dialdehyde 
starches,  polyvinyl  alcohol  and  a  mixture  of  the  ethers  of 
methylce 1 lulose  and  hydroxypropylmethylcellulose  were  sub¬ 
stituted  for  sodium  carboxymethylcellulose  at  1  percent  lev¬ 
els.  The  results  of  the  tests  are  as  follows: 

1.  Food  bars  made  with  cellulose  acetate  phthalate, 
dextrans,  dextrins,  and  dialdehyde  starches  dis¬ 
played  physical  properties  inferior  to  those  bars 
made  with  sodium  carboxymethylcellulose. 

2.  Polyvinyl  alcohol,  polyvinylpyrrolidone,  methyl- 
cellulose,  hydroxyethylcellulose ,  and  ethers  of 
methylcellulose  and  hydroxypropylmethylcellulose 
formed  bars  which  were  equal  to  sodium  carboxy- 
methylceilulose  in  binding  power  and  other  physical 
properties.  (Several  of  the  cellulose  polymers 
gave  viscous  solutions  in  beverages  but  this  ef¬ 
fect  could  be  reduced  by  lowering  the  actual 
quantity  of  the  matrix  required  to  bind  the  foods.) 

As  a  result  of  the  above  tests,  sodium  carboxy¬ 
methylcellulose  was  chosen  for  the  adhesive  agent  in  the 
general  purpose  matrix  Formula  No.  18  given  In  the  following 
section. 

Cj _ Matrix  Formula  No.  18 


Several  general  purpose  matrix  formulations  re¬ 
ported  were  evaluated  for  over-all  conformance  to  the  ppeci- 
ficatlons  of  the  contract.  The  best  formula  in  this  series 
was  Formula  No.  18  given  below: 

-Tngredlent  ’U  By  Weight 

Lactose  99 

Sodium  carboxymethylcellulose  1 

(CMC) 
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Formula  No.  18  was  preferred  mainly  because  of 
its  lack  of  taste.  Furthermore,  CMC  is  reported  to  be  recog¬ 
nized  as  safe  by  the  U.S.  Food  and  Drug  Administration  for 
use  in  food  products.*  The  many  other  polymers  which  were 
considered  in  the  earlier  stages  of  the  program  were  used 
mainly  to  illustrate  the  plausibility  of  putting  a  film- 
forming  compound  (a  polymer)  in  the  matrix  to  Improve  its 
binding  properties.  Formula  No. 18  was  prepared  as  indicated 
In  the  four  steps  below: 

1.  99  grams  of  lactose  were  dissolved  In  500  ml 
of  water. 

2.  1  gram  of  NaCMC  was  dissolved  in  100  ml 
of  water. 

3.  1  and  2  were  mixed  and  brought  to  a  volume 
of  1000  ml. 

4.  The  mixture  was  freeze- dried.  A  fluffy  powder 
was  obtained. 


The  same  laboratory  procedure  was  used  in  the 
preparation  of  Formula  No. 18  for  all  food,  soup  and  bever¬ 
age  bars.  Initially,  all  the  matrices  used  in  the  prepara¬ 
tion  of  these  food  bars  were  freaze-driad.  Later,  experi¬ 
ments  were  conducted  with  spray-dried  and  tray-dried  matrices. 


V.  PROCESSING  AND  MOLDING  OF  FOOD  MRS 

A.  ConblnlM  th«  Hitrlac  with  «  roai.  8PMP...lg 
Comonent 

Eighteen  of  the  25  food,  beverage,  or  soup  cob^k>- 
nents  specified  in  the  contract  were  Incorporated  individu¬ 
ally  with  all  purpose  matrix  Ho, 18  and  compressed  into  food 
bars  for  experimental  purposes  and  atoraga  stability  studies. 

Initially  the  molding  of  the  food  bars  was  per¬ 
formed  by  hand  witn  minimum  amounts  of  pressure.  The  molding 
process  used  during  the  last  quarter  involved  the  application 
of  pressure  to  ’’slugs'*  or  preweighed  quantities  of  matrix 
and  food  component  mixtures.  Experimentally,  it  has  been 

*21  Code  of  Federal  Regulations  Section  121.101. 
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found  that  the  variation  of  pressure  in  the  mold  (up  to 
5000  psl)  can  produce  bars  with  considerable  fluctuation 
in  physical  properties.  The  consistency  of  food  bars  can 
be  made  to  vary  from  soft  to  very  hard. 

Each  food  component  presents  different  problems 
in  density  and  pressure  requirements,  but  the  judicious  use 
of  pressure  control  and  sample  weight  v/ill  produce  accept¬ 
able,  good  bars. 

Table  VI  gives  the  types  and  composition  of 
the  food  bars  made,  Table  VII  describes  the  method  of  pack¬ 
aging  the  bars,  and  Table  VIII  gives  the  number  and  storage 
conditions  of  the  bars  set  aside  for  storage  stability 
studies. 


The  general  laboratory  procedure  used  in  the 
preparation  and  packaging  of  these  food  bars  is  as  follows: 

Eighty  grams  of  the  component  selected  and  20 
grams  of  matrix  are  stirred  mechanically  in  a  mixing  bowl 
for  5  minutes.  The  liquid  portion  (glycerine)  is  then  added 
and  the  mixture  stirred  for  5  minutes  more.  If  a  soup  or 
beverage  bar  Is  to  be  made,  the  sodium  bicarbonate  and  fu* 
marie  acid  are  then  added. 

The  laboratory  procedure  used  for  mixing  the 
matrix  with  food,  soup  or  beverage  components  was  satisfac¬ 
tory  and  could  be  adapted  to  large  scale  operations.  The 
essential  ingredients  in  each  bar  are  the  matrix  and  the 
food,  soup,  or  beverage  component.  Other  components  such 
as  glycerine  are  required  in  all  cases  to  facilitate  mixing 
and  to  activate  the  matrix  so  it  will  cement  the  dry  par¬ 
ticles  of  food,  soup,  or  beverage  component.  The  amount  of 
glycerine  required,  which  depends  on  the  type  of  component 
being  added,  is  shown  in  Table  VI. 

Certain  modifications  of  the  procedure  are  neces 
sary  when  certain  of  the  food,  soup,  or  beverage  components 
are  added  to  the  base  mix.  The  use  of  Instant  coffee  of¬ 
fered  a  problem  in  that  the  bar  is  hygroscopic.  The  dry  mix 
Ing  of  coffee  and  matrix  offered  no  serious  problem  it  the 
room  moisture  was  kept  at  20  percent  relative  humidity. 


When  bacon,  pie  crust,  and  other  greasy  foods 
were  added  to  the  base  mix  it  was  necess-ry  to  freeze  the 
food  before  it  was  added  to  the  base  mix. 

The  moisture  content  of  peanuts  varies  widely 
according  to  the  type  used.  The  water  content  of  the  base 
mix,  therefore,  had  to  be  regulated,  so  that  the  total  water 
content  of  the  bar  was  such  that  the  cementing  action  of  the 
matrix  was  maintained  at  a  high  level. 

When  dry  milk  powder  was  incorporated  in  a  food 
bar,  it  was  necessary  to  add  a  small  amount  of  diglyceride 
to  facilitate  dispersion  of  the  milk  powder  in  r^hydration. 

When  a  chocolate  flavored  bar  is  made,  it  is 
advisable,  from  the  standpoint  of  stability,  to  use  a  high 
grade  of  chocolate,  preferably  the  type  recommended  for  use 
in  tropical  climates. 

The  food  bars  for  the  various  tests  were  pre¬ 
pared  by  compression  molding  in  a  laboratory  Carver  Press 
using  a  mold  that  produced  a  tablet  1-1/4  Inches  in  diam¬ 
eter  and  3/8  inch  thick.  The  dial  reading  on  the  press  mold 
was  set  at  4000  pounds  per  square  inch.  Commercial  compres¬ 
sion  molding  techniques  may  be  adequate  for  the  molding  pro¬ 
cedure. 

B.  Packaging  of  the  Food  Bar 

Five  tablets  were  placed  in  a  metalized  poly¬ 
ethylene  pouch  and  the  opening  was  heat- sealed.  Six  pouches 
of  each  flavor  were  made  and  placed  under  storage.  Table  VII 
describes  the  method  of  packaging  the  bars  and  Table  VIII 
gives  the  number  and  storage  conditions  of  the  bars  set 
aside  for  storage  stability  studies. 

VI.  ALTERNATE  METHODS  FOR  PREPARING  MATRIX  NO. 18 

Matrix  No. 18  was  successfully  prepared  originally 
by  means  of  freeze-drying.  However,  due  to  the  high  cost  of 
freeze-drying,  alternate  methods  of  drying  were  tested,  in 
an  effort  develop  a  less  expensive  production  procedure. 
Spray-drying,  tray-drying,  and  dry- nixing  were  selected  as 
alternate  methods  for  evaluation. 


Graham  cracker  and  cream  of  mushroom  soup  bars 
were  used  as  representative  materials  in  an  initial  compari¬ 
son  of  the  foul  methods  of  preparation  of  the  matrix.  The 
two  types  of  food  products  were  combined  with  the  matrices 
prepared  by  the  v.urlous  drying  procedures  according  to  the 
formulas  given  in  Tables  XI  and  XII.  The  food  components 
were  first  passed  through  a  U.S.  Sieve  No. 10  and  the  matrix 
through  a  U.S.  Sieve  No. 60. 

Two  hundred  grams  of  the  food  component  and  28 
grams  of  matrix  were  stirred  mechanically  in  a  mixing  bowl 
for  five  minutes.  Eight  grams  of  glycerine  was  then  added 
and  the  mixture  stirred  for  five  minutes  more.  In  the  case 
of  the  cream  of  mushroom  soup  bar,  the  sodium  bicarbonate 
and  fumaric  acid  were  then  added. 

A.  Test  of  Alternate  Drying  Procedures 

Ninety-nine  grams  of  lactose  were  dissolved  in 
500  ml  of  water.  One  gram  of  sodium  rarboxymethylcellulose 
(food  grade)  was  dissolved  in  100  ml  of  water.  The  two  solu¬ 
tions  were  mixed  and  diluted  with  water  to  1000  ml.  The  re- 
.sulting  solutijn  v/as  then  freeze-dried,  yielding  a  fluffy 
powder. 

1.  Fi ( eze-Prvlng 

The.  bars  made  with  freeze-dried  matrix  were  com¬ 
pression  molded  in  a  laboratory  Carver  Press  at  4000  pounds 
per  square  inch;  those  made  with  mushroom  soup  at  4200  pounds 
per  square  inch. 

li _ Sp^^v- Drying 

A  Bowen  Laboratory  Spra”-Drier  with  a  gas- fired 
burner  was  used  to  spray- dry  the  matrix.  A  series  of  runs, 
described  in  Table  XIII ,  was  made  to  determine  optimum  operat¬ 
ing  conditions  to  prepare  a  satisfactory  dry  powder  as  matrix 
material.  Concentration  of  solids  in  the  feed  solution  was 
varied  from  6  to  30  percent i  inlet  temperatures  from  450  to 
700°F;  outlet  temperature  from  140  to  200°F;  and  flow- rate 
from  50  to  120  ml  per  minute  at  48000  rpm  atomizer  speed. 

Optimum  spray-dry^  ig  was  obtained  at  a  solids  con¬ 
centration  of  15  percent  in  ihe  feed  solution,  a  feed  rate  of 
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110  nl  per  minute,  an  atomizer  speed  of  48000  rpm;  an  in¬ 
let  temperature  of  650®F,  and  an  outlet  temperature  of  170®F. 
The  final  moisture  content  of  the  powder  obtained  under  these 
conditions  was  1.2  percent.  (Table  XIII) 

Bars  made  with  spray-dried  matrix  were  compressed 
in  the  same  manner  as  for  the  freeze-dried  matrix. 


3.  Tray-Drying 

It  was  decided  to  conduct  experiments  on  the 
forced  air  tray-drying  of  this  mixture  to  determine  if  this 
method  would  produce  a  satisfactory  matrix. 

Five  different  samples  of  Matrix  No. 18  were  pre¬ 
pared  using  varying  amounts  of  water.  The  preparation  and 
conditions  for  drying  of  these  samples  are  described  below 
and  summarized  in  Table  XIV. 

1.  A  solution  containing  168.3  grams  of  lactose, 

1.7  grams  of  CMC,  and  828.3  grams  of  water 
was  made  and  dried  at  190°F  for  5  hours. 

2.  A  more  concentrated  solution  u.'-ing  495  grams 
of  lactose  ar.d  5  grams  of  CMC  waa  made  using 
500  grams  of  water  in  order  to  increase  the 
efficiency  of  drying  the  matrix.  This  solu¬ 
tion  was  dried  at  190®F  for  5  hours. 

3.  A  paste  was  prepared  by  dissolving  1.7  grams 
of  CMC  in  65  grams  of  water  and  blending  the 
mixture  with  168.3  grams  of  the  dry  lactose 
until  a  paste- like  texture  was  obtained.  The 
material  was  then  placed  on  a  tray,  spread 
out  with  a  spatula,  and  dried  at  190®F  for 

3  hours. 

4.  A  granulation  was  prepared  by  dissolving 
1.7  grama  of  CMC  in  30  grams  of  water  and 
slowly  adding  the  resulting  solution  to 
168.3  grams  of  lactose.  The  granulation 

was  dried  at  190°F  for  approximately  3  hours. 

5.  Controxa  were  prepared  consisting  of  &r>ray- 
dried  lactose  both  alone  and  physically  ynixed 
with  CMC.  No  water  was  added. 


After  the  samples  were  dried,  they  were  passed 
through  a  No. 60  mesh  sieve  and  were  incorporated  and  com¬ 
pressed  into  cream  of  mushroom  soup  and  graham  cracker  food 
bars.  The  dried  cream  of  mushroom  soup  and  graham  cracker 
components  had  previously  been  passed  through  a  No. 10  mesh 
sieve.  The  ingredients  of  the  food  bars  are  listed  in 
Table  XV. 

4.  Dry- Mixing 

Experiments  were  run  also  to  determine  whether 
satisfactory  bars  could  be  made  by  dry-mixing  the  food 
component  wlt»'  the  Individual  components  of  Matrix  No.  18, 
namely  sprav- dried  lactose  USP  and  CMC.  Food  bars  were  made 
of  graham  crackers  and  glycerine,  graham  crackers  with  lac¬ 
tose  and  glycerine,  and  graham  crackers  with  glycerine  and 
CMC  according  to  the  formulas  listed  in  Table  XVI.  The  ex¬ 
periment  was  repeated  using  dehydrated  cream  of  mushroom 
soup  to  which  the  usual  sodium  bicarbonate  and  fumaric  acid 
mixture  was  added. 

B.  Evaluation  of  Bars  bv  Physical  Testing 

The  molded  food  bars  were  then  compared  using 
six-foot  drop  tests  and  penetration  tests  to  determine  whether 
the  method  of  drying  the  matrix  could  be  varied  without  im¬ 
pairment  of  the  physical  characteristics  of  the  bar. 

1.  Results  of  Six-Foot  Drop  Test 

The  bars  made  with  freeze-dried  matrix  all  passed 
the  six- foot  drop  test. 

The  food  bars  made  with  graham  crackers  and  the 
spray-dried  matrix  lacked  the  physical  characteristics  speci¬ 
fied  in  the  contract.  The  bars  were  soft  and  crumbly  and 
broke  when  dropped  onto  a  concrete  floor  from  a  height  of 
6  feet. 


The  use  of  tray-dried  matrices  produced  by  means 
of  procedures  hos.  1  and  2  (see  page  17)  resulted  in  the  pro¬ 
duction  of  graham  cracker  and  mushroom  soup  bars  which  with¬ 
stood  the  six-foot  drop  test.  The  best  food  bar  was  produced 
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using  50  grams  of  No. 2  and  2  grams  of  glycerine.  The  bars 
produced  using  Nos. 3  and  U  were  weaker  than  those  made  with 
Nos.l  and  2,  while  those  made  with  No. 5  were  unsatisfactory. 

On  the  basis  of  the  above  experiment,  it  was  decided  to  use 
procedure  No. 2  for  the  tray-drying  of  Matrix  No. 18. 

The  dry-mixed  food  bars  were  rated  as  inferior  in 
physical  tests  and  in  appearance  to  food  bars  made  with  freeze- 
dried  matrix,  spray-dried  matrix,  or  tray-dried  matrix. 

2.  Results  of  Penetration  Tests 


Penetration  readings  were  taken  wi.h  a  1200F 
Penetrometer*  to  obtain  objective  measurementj  of  the  hard¬ 
ness  of  the  graham  cracker  food  bars  made  with  the  four  types 
of  matrices  tested.  The  formulas  of  the  bars  are  given  in  Tables 
XVI  and  X\'II.  Such  measurements  also  allow  the  tester  to  de¬ 
termine  the  varying  degrees  of  hardness  and/or  brittleness 
of  the  food  bar  more  accurately  than  can  be  determined  in 
the  six-foot  drop  test. 

The  penetrometer  was  adjusted  to  allow  the  pointed 
cone  to  drop  two  inches  before  hitting  the  food  bar  and  to  use 
the  surface  of  the  food  bar  as  a  aero  point  so  that  penetra¬ 
tion  would  be  expressed  as  the  difference  between  the  zero 
point  and  the  cone  after  impact.  The  readings  were  taken 
in  hundredths  of  a  millimeter.  The  smaller  the  reading,  the 
greater  the  resistance  to  the  pointed  cone  on  impact;  there¬ 
fore,  the  smaller  readings  Indicate  a  harder  or  more  rigid 
bar.  Ten  readings  were  taken,  each  on  a  separate  food  bar. 

Table  XVni  sunmarizes  the  results  of  the  tests. 

The  average  penetration  values  obtained  for  the 
matrices  indicated  that  the  tray- dr  ed  matrix  formed  a  hard 
food  bar.  The  freeze- dried  matrix  formed  a  slightly  softer 
bar  but  was  still  very  acceptable  for  food  bar  production. 

The  spray- dried  binder  produces  too  crumbly  a 
bar  with  a  penetration  value  of  240.5.  For  practical  pur¬ 
poses  the  spray- dried  matrix  did  not  produce  an  acceptable 
food  bar.  The  graham  crackers  alone  when  compressed  give  a 
bar  with  a  penetration  reading  of  233.5.  The  use  of  unpro¬ 
cessed  lactose  (spray-dried  USP)  and  unprocessed  CIC  also 

^Supplied  by  the  Arthur  H.  Thomas  Company. 
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results  in  bars  with  penetration  properties  superior  to 
those  obtained  for  the  spray- dried  laatrix. 

It  has  been  noted  that  some  of  the  food  bars 
made  with  unprocessed  matrix  were  quite  grainy  and  brittle. 
They  cannot  undergo  repeated  drop  tests  as  can  bars  made 
from  the  freeze-dried  and  tray-dried  matrices.  The  micro¬ 
scopic  dispersion  of  the  CMC  particles  on  the  lactose  in 
the  freeze-dried  and  tray-dried  matrices  undoubtedly  lends 
itself  readily  to  Instant  activation,  while  the  large  sur¬ 
face  area  of  these  particles  provides  good  interlocking 
during  compression.  The  resultant  products  are  hard  but 
more  readily  plastic  in  nature  than  the  brittle,  spray-dried 
food  bars. 


The  results  of  the  above  tests  supported  the  de¬ 
cision  to  drop  work  »-r.  dry-mixing  of  the  matrix  and  further 
indicated  that  a  matrix  produced  by  either  tray-drying  or 
freeze-drying  would  be  acceptable  for  food  bars. 

C.  Additional  Tests  with  Other  Food  Components 
1.  Preparation  of  Bars 

The  preliminary  evaluation  of  the  efficiency  of 
matrices  dried  by  freeze- drying,  spray-drying,  and  tray¬ 
drying  was  performed  using  only  graham  crackers  and  mushroom 
soup.  The  procedure,  as  explained  previously,  was  conven¬ 
ient  and  time-saving.  However,  in  accordance  with  the  con¬ 
tract,  the  scope  of  the  evaluation  was  subsequently  widened. 

Representative  samples  of  the  foods  listed  in 
Phase  II  were  selected  and  mixed  with  the  dried  samples  of 
matrix  according  to  the  formulas  given  in  Table  XIX.  The 
foods  selected  were  orange  Juice,  cream  of  mushroom  soup, 
chicken  noodle  soup,  and  chocolate  pudding.  Bars  of  these 
foods  were  formed  in  a  Carver  Press  at  500  psi.  Six-foot 
drop  teats  as  well  as  organoleptic,  penetration,  and  dis¬ 
persion  tests  were  then  performed  on  these  bars. 

2^ _ R<  suits  of  Tests 

a.  Six-Foot  Drop  Tests 

All  bars  tested  passed  the  six-foot  drop  test. 
However,  in  this  respect,  the  bars  containing  spray-dried 
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matrix  were  found  to  be  inferior  to  the  freeze-dried  and 
tray-dried  food  bars,  barely  passing  the  six-foot  drop  test. 

b.  Penetration  Tests 

Penetration  tests  were  run  on  the  bars  using 
the  penetrometer  and  technique  described  above.  The  results 
of  the  tests  are  summarized  in  Table  XX. 

The  bars  produced  with  tray-dried  matrix  sus¬ 
tained  the  lowest  amount  of  penetration  in  three  out  of 
four  products,  those  made  with  spray- dried  matrix  gave  the 
second  lowest  amount  for  all  products,  while  those  made 
with  freeze- dr led  matrix  gave  the  highest  penetration  in 
three  cases  and  the  lowest  in  one. 


The  hedonic  ratings  given  the  food  bars  tested 
are  summarized  in  Table  XXI.  The  results  Indicate  that  an 
hedonically  acceptable  bar  is  produced  from  any  of  the  ma¬ 
trices  tested.  However,  the  bar  made  with  the  spray-dried 
binder  was  rated  as  grainy. 


The  solubility  or  ease  of  dispersion  of  the  food 
bars  produced  using  the  freeze-dried,  spray-dried  and  tray- 
dried  matrices  was  evaluated  and  the  results  summarized  in 
Table  XXII. 


A  400  ml  beaker  containing  200  ml  of  water  at 
room  temperature  was  placed  on  a  magnetic  stirrer,  the  mag¬ 
netic  bar  was  placed  in  the  beaker,  and  the  rate  of  stirring 
standardized.  An  unbroken  food  bar  was  placed  in  the  beaker. 
The  food  bar  was  not  broken  by  the  stirrer  bar,  since  the 
stirrer  produced  a  current  or  flow  of  water  but  made  no  con¬ 
tact  with  the  food  bar.  The  time  for  the  entire  food  bar  to 
go  into  solution  was  recorded. 

The  results  of  the  tests  indicate  that  there  was 
no  significant  difference  in  the  dispersion  time  for  the  pud¬ 
ding  or  orange  food  bars  made  with  the  three  types  of  matrix. 


However,  when  the  bars  made  from  the  two  soups  (oream  of 
mushroom  and  chicken  noodle)  were  dissolved,  those  made 
from  the  tray-drled  binder  dissolved  appreciably  faster 
than  those  made  with  the  freeze-dried.  There  x*3s  only  a 
slight  difference  between  soup  bars  made  with  spray- dried 
matrix  and  those  made  with  the  tray-drled  matrix. 

3.  General  Conclusions  of  Tests 


The  above  tests  confirmed  that  the  spray-dried 
matrix  produced  bars  which  dissolved  readily  but  generally 
gave  the  smallest  penetration.  This  bar  cannot  withstand 
shock  or  excessive  strain.  The  spray-dried  binder  results 
In  a  bar  which  has  an  apparent  lack  of  physical  strength, 
but  which  disintegrates  readily  in  water  because  of  the 
highly  smooth,  hard  surface  of  the  particles  of  the  matrix. 

D.  Microscopic  Examination  of  Matrices  and  Food  Bars 

Photomicrographs  were  taken  of  freeze- dried, 
spray- dr led,  and  tray-drled  matrix  surfaces  as  well  as  of 
the  surfaces  of  the  bars  made  from  these  matrixes  In  an  ef¬ 
fort  to  determine  whether  there  is  any  connection  between 
surface  characteristics  and  physical  properties. 

1.  Matrix  Surface  Characteristics 

Photomicrographs  of  freeze-dried,  tray-drled, 
and  spraydrled  matrices  are  shown  In  Figures  1,  2,  and  3, 
respectively,  at  a  magnification  of  131X. 

The  large  crystalline  surface  area  of  the  freeze- 
dried  matrix  explains  its  ability  to  compress  easily  and  bind 
effectively.  It  has  almost  instant  solubility  compared  to 
the  other  processed  matrices. 

The  tray-dried  matrix  has  a  highly  irregular, 
large,  surface  area  which  permits  it  to  bird  effectively 
and  allows  rapid  dispersion  of  the  food  bar  in  water.  It 
is  in  itself  not  as  rapidly  soluble  as  the  freeze-dried 
matrix  but  will  permit  the  food  bar  produced  with  it  to  be 
dispersed  readily. 
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The  spray- dried  matrix  particles  have  a  highly 
smooth,  small,  surface  area.  Therefore,  unlike  the  tray- 
dried  and  freeze-dried  matrices,  this  matrix  has  no  ability 
to  Interlock;  however,  by  nature,  such  a  bar  would  disin¬ 
tegrate  readily  in  water. 

In  general,  the  photomicrographs  reproduced  In 
Figures  1,  2,  and  3  Illustrate  why  the  experimental  food 
bars  made  with  freeze-dried  and  tray-dried  matrices  would 
possess  good  physical  properties. 

2.  Food  Bar  Surface  Characteristics 


Photomicrographs  of  the  surface  of  bars  made  from 
freeze-dried,  spray-dried,  and  tray-dried  matrices  are  shown 
in  Figures  4,  5,  and  6,  respectively,  at  a  magnification  of 
39X. 

In  general,  the  most  uniform  dispersion  of  matrix- 
food  is  found  in  the  freeze- dried  sample  and  the  second  most 
uniform  in  the  tray-dried  sample.  Both  Che  freeze-dried  and 
tray-dried  surfaces  are  regular  and  smooth.  In  contrast, 

Che  bar  made  with  spray-dried  matrix  has  an  irregular  sur¬ 
face  and  lacks  a  uniform  appearance. 

A  study  was  undertaken  to  Improve  the  quality  of 
the  spray-dried  matrix  with  Formula  Mo. 18.  This  was  consider¬ 
ed  a  worthwhile  objective  because  of  general  availability  of 
spray-drying  equipment  in  coosaercial  operations. 


VTT.  IMPRQVEMEMT  OF  MATRIX  MO. 18  BY  SPRAY-DRYIMC  IN 
COMMERCIAL  EQUIPMENT 


A.  Background  on  Laboratory  Sorav- Pried  ■Matrix 

Spray-dried  Matrix  No. 18  produced  bars  which  dis 
solved  readily  but  generally  gave  the  poorest  penetration 
test  results.  The  spray-dried  bars  were  brittle  and  could 
.lot  withstand  excessive  strain  or  shock. 


The  highest  percentage  of  solids  used  was  30  per¬ 
cent  with  operating  temperatures  of  500®F  at  the  inlet  and 
185°F  at  the  outlet.  It  was  found  that  the  greater  the  per¬ 
centage  of  solids,  the  more  satisfactory  the  results,  prob¬ 
ably  because  the  crystals  formed  are  lar^^r  and  more  irregular. 
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With  the  available  equipment,  the  solids  content  could  not 
be  increased  readily  above  30  percent.  In  addition  it  was 
surmised  that  the  use  of  a  nozzle- type  spray- d<.'ylng  head 
would  give  more  Irregular- type  particles,  much  like  those 
of  the  lactose  used  In  tablettlng  operations. 

To  obtain  a  spray-dried  mixture  of  lactose  and 
carbox3miethylcellulose  which  would  Increase  resistance  to 
breakage  and  decrease  solubility  time  in  food  bars,  Evans 
Research  asked  Foremost  Dairies  to  use  their  equipment  to 
spray-dry  a  special  sample  of  200  pounds  of  lactose/carboxy- 
methylcellul ose. 

B.  Commercial  Spray-Drying  of  Matrix 

Two  hundred  pounds  of  lactose/CMC  was  prepared  by 
Foremost  Dairies.  Evans  Research  supplied  2  pounds  of  low 
viscosity  food  grade  carboxymethylcellulose  In  solution  with 
0.05  percent  methylparaben  used  is  a  preservative.  Foremo.'.r 
Dairies  added  this  solution  to  their  slurry  of  198  pounds  of 
lactose.  It  had  been  requested  that  the  slurry  be  spray-drli 
with  a  nozzle  or  by  whatever  procedure  normally  used  by  Fore¬ 
most  Dairies  to  produce  their  tablettlng-grade  lactose  or 
instant- type  dry  milk.  A  photomicrograph  of  the  lactose  spt . 
dried  by  Foremost  Dairies  Is  shown  In  Figure  7. 

On  delivery  of  the  spray-dried  material,  a  series 
of  penetration  and  solubility  tests  were  Immediately  cart  led 
out  on  food  bars  made  from  the  new  material.  The  results 
are  presented  In  Table  XXV  and  indicate  that  the  material 
produced  by  Foremost  Dairies  was  considerably  more  dlsperslbl 
in  water  and  forms  a  harder,  less  brittle  bar  which  can  meet 
the  specifications  of  the  6-foot  drop  test. 

At  this  point,  it  appeared  that  the  spray- dried 
matrix  would  be  preferable  to  the  tray-dried  in  beverage  end 
soup  components.  However,  additional  tests  had  to  be  con¬ 
ducted  before  the  improved  spray-dried  matrix  could  be  con¬ 
sidered  acceptable. 

C.  Formula-Variation  Experiments  with  Spray-Dried 
Matrix  No.  18 

In  addition  to  the  above  experiments  with  commer¬ 
cially  prepared  spray-dried  materialt,  Evans  Research  con¬ 
ducted  other  spray-drying  experiments  with  variations  of  the 
original  formula  of  Matrix  No.  18. 
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The  following  three  variations  In  the  formula 
of  Matrix  No.  18  were  prepared:  (a)  50  percent  sodium 
caseinate  was  added;  (b)  maltodextrln  was  substituted  for 
lactose  and  1  percent  glycerine  v/as  added;  and  (c)  1  per¬ 
cent  glycerine  was  added. 

In  the  first  variation,  the  bars  made  did  not 
pass  the  6- foot  drop  test.  The  effect  of  the  casein  was 
to  increase  the  adhesiveness  of  the  matrix  and  add  an 
off- taste. 


In  the  second,  the  maltodextrln  matrix  had  better 
solubility,  but  the  bars  produced  had  a  pasty  taste. 

Finally,  the  addition  of  1  percent  glycerine  to 
Matrix  No.  18  appeared  to  slightly  improve  the  binding 
proper''lcs  the  spray-dried  matrix.  The  validity  of 
this  result  would  have  to  be  evaluated  by  additional  tests. 
The  results  did  not  warrant  further  consideration  of  these 
variations, 

VIII.  EFFECTS  OF  FAT  ON  MATRIX  NO.  18 

Matrix  No.  18  can  readily  be  affected  by  liquid- 
type  fat.  In  order  to  Increase  the  caloric  value  of  some 
food  bars  to  the  desired  level  by  the  addition  of  fats,  it 
was  neceasar>  to  employ  a  type  of  fat  that  would  not  affec  t 
the  stability  of  the  food  bar.  However,  when  one  part  of 
cottonseed  oil  is  added  to  one  part  of  matrix,  a  very  weak 
bar  is  produwed,  and  the  only  solution  was  found  to  lie  in 
the  use  of  fully  hydrogenated  fats  with  high  melting  points 
or  specific  fractions  such  as  cottonseed  stearin  or  coated 
plastic  fats. 

It  was  found  that  the  use  of  a  high-melting-point 
plastic  fat  permitted  the  food  bar  to  meet  contract  specif i 
cations  for  stability.  A  specific  procedure,  however,  had 
to  be  followed  in  producing  the  bar. 

1.  The  fat  is  coated  with  the  food  component. 

2,  After  a  blending  operation  similar  to  those 
used  in  the  cake  Industry,  the  dried  matrix 
is  added. 
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3.  Glycerine  is  added  to  activate  the  matrix. 

A.  The  mixture  is  thoroughly  blended. 

5.  The  blended  mixture  is  compressed  into  food 
bars  using  the  procedure  described  earlier. 

The  bars  produced  by  the  above  procedure  are 
quite  acceptable,  but  the  results  of  penetration  and  other 
stability  tests  are  not  quite  so  good  as  those  obtained 
with  bars  containing  no  fat.  This  effect,  however,  had  be.i 
anticipated.  The  penetration  values  for  food  bars  made  wit’ 
equal  amounts  of  fat  and  matrix  are  listed  in  Table  XXVI. 

In  general,  the  bar  is  more  plastic,  or  soft,  with  the  addi- 
tlonal  fat  content. 

IX.  CALORIC  VALUES  OF  FOOD  BARS 


In  Table  XaVII  are  listed  the  caloric  values  of 
the  20  food  bars  on  an  avoirdupois  ounce  bases.  All  the 
bars  satisfy  the  caloric  requirements.  The  formulae  for 
the  new  orange  juice,  tomato  juice,  and  apricot  nectar  whicl 
did  not  meet  the  caloric  values  previously  ore  listed  in 
Table  XXVIII. 

X.  SHELF- LIFE  TESTS  ON  FOOD  BARS  »  PHASE  I 
A.  Conditions  of  Shelf-Life  Test 

Shelf- life  tests  at  30®F,  70®F,  and  100°F  were 
run  or  bars  nude  from  16  of  the  foods  listed  in  Section  A 
of  the  contract  specifications  for  Phase  I.  At  the  end  of 
the  three-month  period  an  informal  taste  test  ind legated  that 
the  greater  portion  of  the  food  bars  were  still  satisfactor. 
and  the  f'sts  were  extended  for  an  additional  month.  The 
results  of  organoleptic  tests  conducted  by  a  trained  sensory 
panel  at  the  end  of  the  four-month  period  and  based  on  the 
hedonic  scale  described  in  Table  IX  are  summarized  in 
Table  X.  The  hedonic  scale  used  for  rating  the  bars  range 
from  one  (dislike  extremely)  to  nine  (like  extremely). 


B.  Result's  of  Shelf-Life  Test 


1.  Bars  Made  with  Food  Components 

The  samples  of  pie  crust  food  bars  held  at  30^F 
were  rated  as  barely  acceptable,  those  held  at  70^F  wete 
rated  as  borderline,  and  those  held  at  100°F  as  unaccept¬ 
able  due  to  the  pregence  of  ^nciplent  rancidity.  The 
comments  for  the  30°F  and  70°F  samples  ranged  from  accept¬ 
able  to  slightly  dislike,  since  the  product  Itself  has  a 
predominantly  fatty  or  lard- type  t'lste  which  was  not  con¬ 
sidered  appetizing  or  attractive  by  members  of  the  panel. 

Acceptable  rat'ngs  were  obtained  for  the  cookie, 
graham  cracker,  date,  orange,  and  chocolate  food  bars. 

Bacon  bars  were  considered  acceptable  as  well  as  scrambled 
egg  bars,  although  the  samples  of  the  latter  that  were  held 
at  lOO^F  had  a  slightly  bitter  or  overprocessed  egg  taste. 

The  chicken  food  bar  was  rated  between  almost 
borderline  and  like  slightly  because  of  the  dry  nature  of 
the  dehydrated  chlckeg  used  and  a  slight  denatur last Ion 
of  the  protein  at  100  F.  Acceptability  Is  Increased  by 
rehydratlon  of  the  bar.  All  samples  held  at  the  three 
storage  temperature  levels  were  edible  after  four  months. 

The  cheese  food  bars  held  at  30^F  and  70*^F  wege 
considered  acceptable.  However,  the  sample  held  at  100  F 
was  rated  unacceptable  because  of  degradation  of  an  arti¬ 
ficial  color  present  in  the  ccwsaerclal  cheese  itself,  and 
a  slightly  objectionable  caramelised  taste. 

2.  Bars  Hade  with  Soup  Componenta 

Samples  of  rehydrated  jreen  pea  soup,  beef  noodle 
soup,  and  chicken  noodle  soup  were  found  acceptable  after 
being  held  at  any  of  the  three  temper.«cure  levels  for  the 
four-month  period.  However,  the  green  pea  soup  bar  held  at 
lOO^F  was  given  a  borderline  rating. 

3.  Bars  Made  with  Beverage  Compoaents 

Food  bars  made  from  nonfat,  dried  skim  milk  were 
all  given  unacceptable  -rganoleptic  ratings.  Since  the 
bars  could  not  be  rehydrated  properly,  they  could  not  be 
tested  as  average,  only  out  of  hand.  Therefore,  the  un- 


acceptable  ratings  of  this  type  of  food  bar  were  due  partly 
to  the  taste  of  the  chemical  disintegrating  agent  added, 
in  this  case  sodium  bicarbonate  and  fumaric  acid.  The  dis¬ 
integrating  agent  was  eliminated  from  the  formulations. 

The  cocoa  food  bars  were  all  considered  as  border¬ 
line  cases  in  acceptability.  Again,  this  was  due  to  the 
addition  of  the  bicarbonate- fumaric  acid  combination.  Tlie 
unacceptable  rating  was  also  Influenced  by  the  fact  that 
cocoa  alone  is  not  very  palatable,  particularly  when  eaten 
out  of  hand. 

The  coffee  food  bar  was  rated  as  acceptable  upon 
rehydration,  but  had  too  strong  a  flavor  when  eater,  out  of 
hand. 

C.  Conclusions  of  Shelf-Life  Tests 

In  general,  the  food  bars  held  gt  lOO^^F  were 
rated  below  those  held  at  the  30  F  and  70  F  levels.  How¬ 
ever,  the  overall  results  of  the  test  indicate  the  organo¬ 
leptic  acceptability  and  storage  stability  of  Matrix  ho.  18. 
In  all  cases  where  unacceptable  organoleptic  scores  were  ob¬ 
tained,  it  was  due  to  failure  of  the  food  component  itself, 
not  the  matrix. 

XI.  SHELF- LIFE  TESTS  ON  FOOD  BARS  -  PHASE  II 
A.  Food.  Soup,  and  Beverage  Components 

In  accordance  with  contract  specifications,  food 
bars  of  20  different  food,  soup,  and  beverage  components 
were  processed  into  food  bars  at  Evans  Research  and  Develop¬ 
ment  Corporation  to  be  used  in  the  6-month  and  3-roonth 
shelf- life  tests  of  Phase  II  of  the  program.  The  components 
made  into  brrs  were  as  foUows:  beef  stew,  chili  con  came, 
chicken  and  rice,  shrimp  creole,  tapioca  pudding,  chocolate 
pudding,  plum  pudding,  banana  cream  pudding,  creamed  ground 
beef  (S.O.S.  type),  Welsh  rarebit,  chicken  h  la  king,  cream 
of  mushroom  soup,  beef  barley  soup,  vegetable  soup,  chicken 
noodle  soup.  New  England  style  clam  chowder,  coffee  with 
cream  and  sugar,  orange  juice,  tomato  juice,  and  apricot 
nectar. 


The  majority  of  these  components  had  to  be 
freeze- dried,  granulated,  and  Incorporated  with  Matrix 
No.  18  (99  percent  lactose,  1  percent  carboxymethylcellu- 
lose)  at  Evans  Research,  Of  the  20  components,  only  the 
chicken  and  rice  were  readily  available  commercially  in 
freeze-dried  form.  The  beef  stew,  chili  con  came,  shrimp 
creole,  chocolate  pudding,  plum  pudding,  banana  cream 
pudding,  chicken  la  king,  clam  chowder,  tomato  juice, 
and  apricot  nectar  had  to  be  freeze-dried  and  subsequently 
granulated  at  Evans  Research. 

In  addition  to  freeze-drying  and  graralatlon, 
suitable  formulations  had  to  be  devised  at  Evans  Research 
for  the  tapioca  pudding,  creamed  beef,  Welsh  rarebit, 
coffee,  and  orange  juice. 

In  Table  XXIII  are  presented  the  components, 
the  forms  in  which  they  were  acquired,  and  the  processing 
steps  carried  out  at  Evans  Research.  The  formulations  of 
the  food  bars  are  given  in  Table  XXli^. 

B.  Processing  Procedure  for  the  Food  Bars 

The  following  basic  procedure  was  used  in  the 
production  of  the  food  bars: 

1.  Based  upon  the  solids  content  of  the  food 
component,  e.g,  approximately  7  percent  for  tomato  Juice 
or  20  percent  for  chicken  k  la  king,  an  amount  adequate  to 
yield  at  least  10  pounds  of  dry  food  was  purchased. 

2.  The  food  was  pre-frosen  and  subsequently 
freeze* dried. 

The  material  to  be  freeze*dried  was  placed  in 
stainless  steel  trays  specifically  designed  for  use  in  the 
RePP  Industries  freeze-drier  Model  No.  15.  The  trays  were 
filled  to  a  depth  of  1/2  inch,  and  the  temperature  thermistor 
probes  were  then  Inserted  into  the  product  being  freeze-drigd. 
The  "shelf  temperature"  thermostatic  control  was  set  at  -50  F 
and  when  the  material  was  adequately  frozen,  the  switch 
labeled  "Condenser  Refrigeration"  was  turned  on.  When  the 
c'^ndenser  temperature  read  -40  F  or  lo’^er,  a  vacuum  of  .005 
rnn  Hg  was  attained.  For  perfect  preservation  of  material 


It  was  necessary  to  cool  the  sample  below  its  eutectic 
temperature  and  to  dry  the  material  below  this  tempera¬ 
ture.  When  the  pressure  in  the  vacuum  drum  had  dropped 
below  130  microns  by  the  McLeod  gauge,  it  was  necessary 
to  check  the  condenser  temperature  to  make  certain  it 
regd  -40®F  cr  lower.  Heat  was  then  applied;  a  setting  of 
75°F  was  used  which  was  found  to  be  compatible  with  the 
heat  sensitivity  o:z  the  samples.  The  f^nal  temperature 
of  the  freeze- dried  product  would  be  75  F.  A  shelf  tem¬ 
perature  of  150^F  could  be  used  and  would  yield  efficient 
drying  rates,  but  the  rehydration  properties  would  be  im¬ 
paired,  The  75°F  temperature  prolonged  the  drying  time 
but  yielded  superior  rehydration  qualities  in  the  final 
dried  product.  When  shelf  temperature  and  product  tem¬ 
perature  were  the  same,  a  residual  moisture  of  approxi¬ 
mately  1  percent  had  been  obtained.  The  vacuum  release 
was  turned  slowly  and  air  war  admitted  into  the  vacuum 
drum.  The  samples  were  removed  froia  the  trays  and  stored 
in  sealed  containers  with  I.P.D.*  to  avoid  molstu.e  pickup. 

3.  The  freeze-dried  component  was  then  granu¬ 
lated  or  reduced  to  a  uniform  size,  l.e.  a  particle  size 
which  would  pass  through  a  U.S.  sieve  No.  20  but  be  re¬ 
tained  by  a  U.S.  sieve  No.  40.  The  majority  of  the  par¬ 
ticles  were  retained  by  the  No.  40  sieve;  the  smaller  ones 
were  discarded. 

4.  The  necessary  amount  of  tray- dried  matrix 
No.  18  was  added  and  blended  thoroughly  with  the  component 
using  a  Hobart- type  mixer  at  low  speed.  A  predetermined 
amount  of  glycerine  was  added  to  activate  the  matrix.  The 
amounts  used  are  Indicated  In  Table  XXIV.^ 

5.  Two  ounces  of  the  component /matrix  mixture 
was  loaded  in  a  2-1/2  inch  die.  The  die  was  placed  in  « 
Carver  Press  and  compressed  until  a  pressure  of  6000  pounds 
per  square  inch  was  registered.  The  time  of  compression  was 
10  seconds  at  6000  psi.  The  pressure  was  released,  and  the 
food  bar  was  removed  from  the  die. 

The  above  process  was  repeated  until  the  required 
number  of  food  bars  had  been  produced.  In  cases  where  a 


In-package  desiccation. 
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dry  product  could  be  obtained  directly  (see  Table  XXIII), 
only  granulation,  step  4,  and  step  5  were  performed. 

A  total  of  800  two-ounce  bars  were  produced 
measuring  2-1/2  inches  in  diameter  and  1/2  inch  in  thick¬ 
ness.  While  the  laboratory  method  of  production  is  tedious 
and  time-consuming,  primarily  because  it  is  necessary  to  re¬ 
set  the  die  manually  for  each  operation,  a  large-scale  plant 
procedure  to  produce  large  volumes  quickly  and  Inexpensively 
can  be  devised  readily. 

The  800  bars  produced  were  used  in  shelf- life  and 
specification  tests.  For  the  6-month  shelf-life  test,  a 
minimum  of  three  bars  of  each  component/matrix  mixture  was 
placed  in  a  pouch  consisting  of  laminated  layers  of  Kraft 
paper,  polyethylene,  aluminum  foil,  and  polyethylene.  The 
pouches  were  stored  at  the  contract- specified  temperatures 
of  100  F,  70  F,  and  30  F. 

The  3-month  shelf- life  tests  were  conducted  at 
temperatures  of  100®F,  70°F,  and  0®F.  In  addition,  the 
samples^stored  ag  0°F  were  cycled  for  24-hour  Intervals  be¬ 
tween  0  F  and  70  F.  A  miniii^  of  three  food  bars  per  con¬ 
tainer  was  packed. 

A  successful  vacuusi  could  not  be  drawn  and  main¬ 
tained  on  the  pouch  as  specified  in  the  contract.  A  pre¬ 
formed  pouch  with  a  vacuusi  filler  was  necessary,  but  since 
a  vacuum  fill  does  not  lend  itself  efficiently  to  the  type  ^ 
of  packaging  sMterial  initially  specified,  a  Mtal  container 
was  utilised  for  the  bars  in  the  3-Bonth  shelf-life  tests. 

The  advantage  of  this  proce<hire  is  that  a  definite  controlled 
vacuvn  can  be  obtained  and  maintained.  Consequent i!ally, 
move  accurate  detensinations  concerning  any  flavor  loss  and 
stability  of  bars  packed  under  a  vacuum  could  be  obtained. 

c.  RcfuU.g  gf  irilgy^ih  iPl  s.t2£g&f...Tfiffiff 

1 .  Three-Month  Tests 

All  samples  were  found  to  be  organoleptically 
acceptable  in  the  three-month  storage  test.  The  only  objec¬ 
tionable  feature  found  was  the  "fusing"  of  the  orange  bars 


•k 


Suppi ied  by  American  Can  Company. 


when  packed  together  in  tin  cans.  The  flavor  was  accept¬ 
able.  The  answer  to  the  problem  is  to  reverse  the  amount 
of  crystals  from  its  high  level  8  07.  to  207.  while 
increasing  the  matrix.  The  results  of  the  Hedonic  tests 
are  listed  in  Table  XXIX. 

2.  Six-Month  Tests 

With  the  exception  of  the  lOO^F  Shrimp  Creole 
and  the  Welsh  Rarebit,  all  samples  performed  well  in  the 
six-month  tests.  The  shrimp  creole  had  a  noticeable  "amine' 
aroma  and  taste  while  the  "rarebit"  had  an  off-color,  prob¬ 
ably  due  to  the  artificial  color  used  in  the  spray-dried  fa. 

It  was  noticeable,  however,  that  some  of  the  bars 
became  very  tough  on  storage;  the  items  most  affected  in 
this  manner  were  the  dry  puddings,  l.e.  tapioca.  The  natu.*' 
of  the  product  tends  toward  this  type  of  hardening.  On  the 
over-all  picture,  however,  all  the  samples  performed  well. 

The  results  of  the  tests  are  listed  in  Table  XXX,  and  a  com¬ 
parison  of  ratings  of  six  and  three  months  storage  samples 
are  given  in  Table  XXXI. 

3.  Conclusions  of  Shelf-Life  Tests 

All  the  samples  after  six  months  met  the  requirnd 
specifications.  Most  important  all  samples  dissolved  in 
hot  water  with  agitation  under  15  minutes.  Solubility 
readings  for  Phase  II  food  bars  are  listed  in  Table  XXXII. 
Under  the  conditions  at  the  Evans  Research  Laboratories,  all 
food  bars  %rere  acceptable,  with  the  exception  of  the  orar[;e 
and  tapioca  puddings.  Even  the  above  deviations  can  be  re¬ 
formulated  to  Insure  acceptance  in  future  tests.  The  summar: 
of  the  penetration  testa  are  listed  in  Table  XXXIII,  while 
the  list  of  product  density  Is  found  in  Table  XXXIV. 
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TABLK  I 


LISTING  OF  INGREDIENTS  TKSTEU  FQh 
COMPOSITIONS  C  AND  D 


Protalna 


Supplier 

Archer-Danlels-Mldland  Company 

Carnation  Company 
Central  Soyt» 

Gennpal  Mills,  Inc. 


Cunt her  Products 
land-O'Lakes  Creameries,  Ino. 
Ralston  Purina  Company 
Sheffield  Chemical 


.T.  0.  Vhitten  Cotiq>any,  Ino. 


Ingredient 

D-303  Protein 
D-303  Proteinate 

Nonfat  Dry  Millc  Solids 

Promine-D  (clarified) 

Promos oy  -  100 

Toasted  Soy  Protein  TSP  25 
Toasted  Pull  Fat  Soy  Floiu* 
(BL  7020) 

Toasted  Soy  Protein  No.  lOOR 
Pro  80,  Vital  Wheat  Gluten 
LSP  15  (Soy  Flour) 

NV  Protein  D-lOO 

Edible  Sodium  Caseinate 

Spun  Soy  Protein 

Calcium  Caseinate 
Potassium  Caseinate 
Ammonium  Caseinate 
Sodium  Caseinate 
High  Nitrogen  Casein 
Sheftene  60 
Laotalbumin 

Gelatin  XXX 


Carbohydrates 

American  Sugar  Refining  Company  Sucrose 

Sugar,  light  brown 
Sugar,  dark  brown 
Confectionery  Sugar 
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TABLE  I 


(Continued) 


Carbohydrates 

(Continued) 


Supplier 

Corn  Products  Company 
Foremost  Dairies,  Inc« 
General  Mills,  Inc, 

Gerber  Products  Company 

Idaho  Potato  Growers,  Inc. 

National  Oats  Company 


National  Starch  Produota 
John  Pa ton,  Inc. 

Penlck  ft  Ford,  Ltd.,  Ino, 
J.  R.  Slstplot  Company 

Stein  Hall  ft  Company,  Ino, 
Several  Sources 


Ingredient 

Corn  Syrup 
Lactose 

All-Purpose  Flour 

Barley  Cereal 
Rice  Cereal 
Oatmeal  Cereal 

Diced  Potatoes 
Crushed  Potatoes 
Powdered  Potatoes 
Treated  Diced  Potatoes 
Rlced  Potatoes 

Oat  Flour,  Lab  109 
Oat  Flovir,  Lab  16 
Rolled  Oats 
Quick  Oats 
Oat  Chips 

Crushed  Oat  Flakes 
Oat  Crumbles 
Oat  Bits 
Baby  Oat  Flakes 
Steelout  Oat  Groats 

Clear Jel  Starch,  Instant 

Honey 

Molasses 

Idaho  Mashed  Potatoes  (g: 
Potato  Crystals 
Potato  Dices  l/k"  x  l/u” 
Potato  Dices  3/o"  x  }/o” 

Potato  Starch 

Rice  Flour 


-  A 
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TABLE  I 


Supplier 

Beatrice  Poods  Company 

Procter  and  Gamble  Company 
Local  Purchase 


(Continued) 


Tata 

Ingredient 

Beatreme  C 
Be  a tr erne  1535 
Beatreme  Creeme 

Hydrogenated  Pat 

Butter 

Margarine 

Lard 


DuPont 

General  Milla,  Inc, 

>  ♦  Ico  Compeny 

Marine  Golloida 

Morningatar  Paisley,  Ine, 
National  Dairy  Produota  Corp. 
Stein  Hall  &  Gcmpany,  Ine. 


Guma,  etc, 

Elvanol  PVA  (50-42) 

Supercal  GF 

Keleo  Oel  LV 
Kelcolold  HV 

Sodiuun  Alginate  SX-3 
Carrageenan  MAC 

Gum  Ghattl,  powder  #1 

Krayatay  Type  K 

Gum  Guar  #1  HV 


\ 
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TABLE  II 


Poraula  7 


Poromla  li|. 


Poraula  1$ 

Ponaula  16 


*Addad  compoatiit 


PROTOTYPE  PORMPLATIOHS 


k. *00%  Hydrogenated  vegetable  ahorca 

l. POj^  Promlne-D  (Clarified) 

1,00%  Sugar  granulated 
0.20%  Gelatin  XXX 

0.14.0%  Clearjel  starch 
0.20%  Elvanol  (PVA) 

10. 0(^  Vater 

80.00%  Green  Pea  Soup,  dehydrated* 


k»00fi  Hydrogenated  vegetable  ahorse 
0.14.0%  Promlne-D  (Clarified) 

2.00%  Sugar  granulated 
2.0(^  Sugar  lOX 
0.14.0^  Clearjel  Starch 
0.40%  Elvanol  5O-I4.2  (PVA^ 

10.00%  Vater 
80.80%  Pood  material* 


99.00%  Surar  piranulated 
1.00%  ',;(;-l4.2  (PVA) 


99*00%  Invert 
1.00%  Elvanol  50-42  (PVA) 
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TABLE m 


COMPOSITION  OF  MATRIX  PROTOTYPES 


Matrix 


pomposltion  C 


bompoaitlon  D 

I 

I 


— 

Formula 

Kg-Cfil 
par  gram 

Protein 

{%) 

Carbohydrate 

i%) 

— 

Fat 

{%) 

Aah 

{%) 

Formula  7 

mm 

14-08 

44.90 

+0.81 

0.21 

Formula  1I4. 

6.3 

4.24 

49.83 

^>.82 

0.11 

Formula  l5 

3.8 

0.0 

99.0 

0.0 

Imce 

Formula  I6 

3.8 

0.0 

■■ 

m 

tmoe 
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TABLK  IV 


UENKRAL  PURPOSE  MATRIX  FORfflJLATIONS 


Formula  17 

99.005r 

l.OOjg 

Formula  18 

99.00% 

1.00% 

Formula  19 

99.00% 

1.00% 

Foi*mula  20 

99.00% 

1.00% 

Po*'inula  21 

99.00% 

1.00% 

Pormu]  %  22 

99.00% 

1.00% 

Pornula  23 

99.00% 

1.00% 

Formula  2k 

99.00% 

1.00% 

Formula  25 

99.00% 

1.00% 

Fonmfla  26 

97.5^ 

2.50% 

Formula  27 

95.00% 

5.00% 

Formula  26 

$S.ko% 
0.60% 
2i^.0C% 
16. OC^ 
1^.00% 

Formula  29 

99.00% 

1.00': 

Dextrosr 

Carboxy  jthylcelluloa* 
Lactose 

Carbox3rmethylci.llulose 

Maltose 

Carboxyne  thylcellulose 
Cornstarch 

Carboxyne thylcellulose 

Soluble  starch 
Carboxyme  thy Ice 1 lul ose 

Lactose 

Me thylcellulose 
Lactose 

Me thylcellulose -hydroxy- 
pi'opylnethylcellulose  mlxtui 

Lactose 

Hydroxye thylcellulose 
Lactose 

1  to  1  mixture  of 
polyvinylalcohol  and 
hydroxye thylcellulose 

Lactose 

I  to  1  mixture  of 
polyvinylalcohol  and 
hydroxye  thy 1 oe 1 lul os e 

Lactose 

1  to  1  mixture  of 
polyvinylalcohol  and 
hydroxye thylcellulose 

Lactose 

Polyvinylalcohol 

Glycerine 

Sodlu.n  bicarbonate 
Pumaric  acid 

Lactose 

Cellulose  acetate  phthalate 


-  38 


TniiL.'.  7 

METHOD  OF  POOD  BAR  PHISPARATION 


1.  Greneral  Matrix 


liie  general  matrix  waa  produced  in  the  following 

manner; 


A.  Ninety-nine  parts  of  sugar  were  dissolved  in  water. 

B.  One  part  of  polymer  was  dispersed  in  water. 

C.  Boiutions  1  and  2  were  blended  and  diluted  to 
1000  parts  with  water. 

D.  The  blended  mixture  was  then  freeze  dried  and 
ground  into  a  free  flowing  powder. 


II.  Food  Rar 


The  r:.od  bar  was  manufactured  by  the  following 

procedure; 

A.  A  predetermined  quantity  (60%)  of  the  food  component 
was  weighed  out  together  with  a  maximum  of  20%  matrix, 
and  the  n'lxtuz*e  wtas  dry  blended. 

B.  In  most  cases  a  small  quantity  of  water  is  added  to 
the  dry  blend  to  activate  the  siatrix.  The  amount  of 
wauer  incorporated  into  the  food  bar  docs  not  have 
to  be  baked  out  or  removed.  Some  of  the  water  may 
be  replaced  by  glycerol  to  aid  in  rehydration. 

C.  In  food  bars  for  beverages  with  chemical  leavening 
agents,  glycerol  is  used  in  place  of  water  in  order 
to  prevent  premature  reaction  of  the  reagents  and 
to  permit  rapid  dispersion  in  water. 

D.  A  predotemined  amo\mt  of  the  food  component-matrix 
blend  is  weighed  out. 

E.  The  weighed  material  is  then  either  hand  molded  or 
placed  in  a  pressure  molding  apparatus  and  8hap<»d 
to  the  desired  density  and  physical  properties. 
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=  soup*  P  =  food  nnd  3  =  bev.^rage 
lactoscf  995^  carbox;rn>  bhylculluloso 


TABLE  VII 

PACKAGING  OF  FOOD  BARS 
FOR  STORAGE  STABILITY  TESTING 


Types  of  Soup,  Food  and 
Beverage  Bars  Produced 

18 

Number  of  Pouches  Produced 
for  Each  Type  of  Bar 

6 

Total  Number  of  Pouches* 
Produced 

108 

NuaA)er  of  Bars 
in  Each  Pouch 

5 

Total  NusAier  of  Bars 
Produced 

540 

^Packed  in  air 
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TABLE  VIII 


CONDITIONS  UNDER  WHICH  BARS 
ARE  STORED  FOR  STABILITY  TESTING 


Temperature 

Packaeine 

Flavor* 

No. of  Pouches 
For  Each 
Flavor 

Total  Number 
of  Pouches 

No. of  Bars 
In  Each 
Pouch 

Tot 
of  1 

30 

18 

2 

36 

5 

If 

70 

ni 

2 

36 

5 

16 

100 

18 

2 

36 

5 

16 

I  Grand  Total  54 
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TABLE  IX 


9  Like  extremely 
8  Like  very  much 
7  Like  moderately 
6  Like  slightly 
5  Neither  like  nor 


HEDONIC  SCALE 

I4.  Dialike  slightly 
3  Dislike  moderately 
2  Dialike  very  much 
1  Dislike  extremely 

dislike 
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TABLE  X 


TABLE  XI 


FORMULAS  FOR  QRAKAM  CRACKER  BARS 
USED  IN  PRELIMINARY  COMPARISON 
Matrix  No.  l8 


Ingredient 

Amount  of  Ingredients  In  Bar  (g)  | 

No.  1 

No.  2 

No.  3 

No.  I4. 

}rahani  Crackers  (ground)* 

200 

200 

200 

200 

Binder** 

Preeze-Di'led 

- 

- 

28 

m 

Spray-Dried 

- 

- 

- 

2B 

Tray-Dried  (#2) 

28 

•» 

- 

- 

Dry^  Mixed 

- 

28 

- 

m 

llyeerlne 

8 

8 

8 

8 

*Pass«d  through  No,  10  iioTO 
**Pasiod  throiigh  No.  60  sioTO 


TABLE  Xn 


FORMULAS  FOR  CREAM  OF  MUSHHOOM  BARS 
USED  IN  PRELIMINARY  COMPARISON 
Matrix  No.  18 


Ingradlent 

-  ■  ■  — — -  — - -  ■  . . -  - '  '  ^ 

Amount  of  Ingredients  in  Bar  (g)  i 

No.  1 

No.  2 

No.  3 

No.  4  1 

Cream  of  Mushroom  Soup* 

200 

200 

200 

200  1 

Binder** 

Freeze-Dried 

- 

28 

- 

< 

Spray-E  led 

- 

«» 

28 

1 

Tray-Dried 

28 

«• 

- 

1 

^  j 

Dry-Mixed 

- 

28 

Glycerine 

16 

16 

16 

16 

Sodium  Bicarbonate 

16 

16 

16 

16 

Fumarlo  Acid 

4 

k 

k 

4 

through  Mo.  10 

^Pftsfod  throu^  Ho.  60  tloTO. 
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TABU::  XIV 


CONDITIONS  FOR  FORCED.A1R  TRAY  DRYING 
Matrix  No*  Id 


Conditions 

Run  1 

Rim  2 

Run  3» 

Rim  4** 

Ingredi¬ 
ents  of 
Mix  ture 
(g) 

Lactose 

168.3 

495.0 

168.3 

168.3 

CMC  -  7LP 

1.7 

5.0 

1.7 

1.7 

Water 

828.3 

500.0 

65.0 

30.0 

Temperature  (®P) 

190.0 

190.0 

x90.0 

190.0 

Time  ( hr 8 ) 

5 

5 

3 

3 

«  H  granulation  was  mada  by  dlsaol*'lng  the  CMC  In  uatjr  and 
slowly  adding  the  lactose. 

««  A  paste  was  prepared  by  dlssolvixig  the  CMC  In  the  water 
and  blending  In  the  lactose.  The  paste  was  spread  out  on 
a  tray  to  dry. 
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TABLE  XV. 


FORMULAS  FOR  BARS  USED  TO  DETERMINE 
OPTIMUM  CONDITIONS  FOR  TRAY  DRYING 
Matrix  No.  18 


Amount 

Added 

)f  Ingredient 
,to  Bar  (g) _ ^ _ 

Ingredient 

1 

2 

3 

D 

5 

6 

8 

Cream  of 

Mushroom  Soup  (ground) 

200 

200 

200 

200 

200 

200 

Graham  Crackers  (ground) 

200 

200 

1 

28 

28 

2 

28 

28 

28 

Binder  No. 

3 

28 

4 

28 

5 

28 

Glycerine 

12 

12 

20 

12 

12  . 

12 

8 

8 

NaHCO^ 

16 

16 

16 

16 

16 

16 

Fumaric  Acid  (food  grade) 

4 

4 

4 

4 

4 

4 
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TABLE  XVI 


FORMULAS  FOR  BARS  MADE  FROM  QRAIiAM  CRACKERS 
AND  THE  UNi»RQCE3a£D  COMPONENTS  OF  MATRIX 
Matrix  No.  16 


Iiagra  diant 

Amount  of  Ingredient  in  Bar  (g) 

No.  1 

.  . 

No.  2 

No.  3 

Graham  Crackara  (ground)  * 

200 

20C 

200 

Olycarina 

8 

8 

8 

Lactosa 

- 

26 

- 

CMC  -  7LP 

- 

0.3 

« 


Paaaad  through  No.  10  alava 


TABLE  XVn 


FORMULAS  FOH  BARS  MAUL  FROM  CdEXtl  OF  MUSHROOM  SOUP 
AND  THE  UNPROCESSED  OOMPONENTS  OF  MATRIX 
Matrix  No.  l8 


Intjredient 

Amount  of  Ingredient  in  Bar  (g) 

No.  1 

No.  2 

No.  3 

— 

Creem  of  Mushroom  Soup  (groxuid) 

200 

200 

200 

Sodium  Bicarbonate 

16 

16 

16 

Pumaric  Acid  (food  grade) 

k 

k 

Lactose 

26 

- 

TMC  -  7LP 

m 

- 

0.26 

5 


TION  READINGS  ON  GRAHAM  CRACKER 


TABLK  XIX 


FORMULAS  OF  PHASE  Jl  FOOD  BARS 
USED  IN  COMPARISON  OF  .^TRIX  NO.  l8 


Ingredient 

Amovmt  of  Ingredient  Added  to  Bar  (g) 

1 

2 

3 

B 

_ 

7 

3 

9 

10 

11 

12 

Orange  Juice 
( freeze-dried) 

50 

50 

50 

1 

1 

1 

1 

i 

1 

H 

- 

Cream  of  Mushroom  Soup 
( powdered) 

1 

1 

- 

50 

50 

1 

1 

■ 

1 

B 

- 

Chicken  Noodle  Soup 
( powdered) 

B 

B 

- 

B 

B 

! 

50 

50 

50 

B 

B 

B 

Chocolate  Pudding 

1  (freeze-dried) 

fl 

1 

- 

B 

B 

1 

B 

B 

B 

50 

50 

50 

! 

[  Binder 

Freeze-Dried 

B 

1 

- 

B 

B 

B 

B 

B 

B 

B 

B 

B 

Spray-Dried 

B 

B 

B 

B 

B 

B 

B 

E 

B 

B 

B 

B 

Tray-Dried 

B 

B 

1 

B 

B 

1 

B 

B 

B 

B 

B 

B 

Glycerine 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
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TABLE  XXI 


HEDONIC  RATINGS  GIVEN  PHASE  II  POOD  BARS 


Pood 

Compo¬ 

nent 

Matrix 

Samnle 

No. 

Individual 

Ratings 

Avex^ 

age 

Orange 

Juice 

Preeze-Drled 

1 

8 

D 

B 

2 

5.50 

Spray-Dried 

2 

8 

5 

B 

9 

6.66 

Tray-Dried 

3 

8 

fl 

8 

6.83 

Cream  of 
Mushroom 
Soup 

Freeze-Dried 

■■ 

B 

8 

6 

6.00 

Spray-Dried 

8 

5 

6 

5 

$ 

9 

6.33 

Tray-Dried 

6 

8 

5 

B 

5 

8 

6.33 

Chicken 

Noodle 

Soup 

Freeze-Dried 

B 

D 

B 

T 

3 

B 

5.83 

Spray-Dried 

8 

B 

B 

B 

6 

3 

8 

6.33 

Tray-Dried 

9 

B 

B 

5 

5 

B 

B 

5.50 

Choco¬ 

late 

Pudding 

Fk*eese -Dried 

10 

a 

8 

8 

B 

B 

1 

8.00 

Spray-Dried 

11 

a 

B 

8 

B 

B 

B 

8.16 

S&5&5SS9IIIII1 

12 

a 

B 

B 

8 

7 

— 

8 

7.66 
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TA^LK  XXII 


Of-’  i'>»!nni';  ii  ,'.)i)j)  UAHS 


Sample 

No. 

Pood 

Component 

Binder 

Time  of 
Solution 
(min) 

1 

Preeze-Dried 

30 

2 

Orange 

Juice 

Spray-Dried 

2k 

3 

Tray-Dried 

29 

4 

Freeze-Dried 

50 

5 

Cream  of 
Mushroom 

Soun 

Spray-Dried 

42 

6 

Tray-Dried 

36 

7 

Chicken 

Noodle 

Soup 

Freeze-Dried 

55 

8 

Spray-Dried 

37 

9 

Tray-Dried 

30 

10 

Freese -Dried 

77 

11 

Chocolate 

Pudding 

Spray-Dried 

83 

12 

Tray-Dried 

80 

56 


TABLE  XXm 


SOURCE  OF  FOOD  COMPONENTS  FOR  PHASE  II 
FOOD  BARS 


Food  Component 

Form  Used 

Processii^  at 

Evans  Research 

Beef  Stew 

Canned 

Freeze- dried  granulated 

asserole 
It ''ms 

Chili  Con  Carne 

Canned 

Freeze- dried  granulated 

Chicken  end  Rice 

Freeze- dried 

Granulated 

Shrimp  Creole 

Frozen 

Freeze-dried  granulated 

iddtngs 

Tapioca 

Formulated  at  Evans 

Freeze- dried  granulatec 

Chocolate 

Dry  Powder 

Reconstituted,  freeze- 
dried  and  eranulated 

I’lum 

Canned 

Freeze-dried  granulatec 

Banana  Cream 

Dry  Powder 

Reconstituted,  freeze- 
dried  and  granulated 

2ream^d 

Items 

Creamed  Beef  (S.O.S.) 

Formulated  at  Evans 
in  dry  form 

Granulated 

Canned 

Freeze-dried  granulatec 

Cream  of  Mushroom  Soup 

Dry  Powder 

Granulated 

Welsh  Rarebit 

Formulated  at  Evans 

Freeze^dried  granulatec 

joups 

Beef  with  Barley  Soup 

bry  Powder 

Clam  Chowder* 

Canneil 

Freeze-dried  granulated 

Vegetable  Noodle  Soup 

Dry  Powder 

Granulated 

Chicken  Noodle  Soup 

Dry  Powder 

Granulated 

'verages 

Coffee  with  Cream  +  Sugar 

Formulated  at  Evans 

Freeze-dried  granulated 

Orange  Juice 

Formulated  at  Evans 

Granulated 

Tomato  Juice 

Canned,  liquid 

Freeze- dried  granulated 

Apricot  Nectar 

Canned,  liquid 

Freeze-dried  granulated 

*New  England  Style 
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TABLE  XXIV 


FORMULAS  OF  PHASi:;  II  FOOD  BARS 


Beef  Stew  freeze-dried 

1000 

gm 

Binder  tray-dried 

IkO 

gm 

Glycerine 

8o 

gm 

Chill  con  Cerne  frec*ze-drief* 

1000 

gm 

Binder  tray- dried 

140 

gm 

Clearjel  Starch  -  Instant 

64 

gm 

Water 

40 

gm 

Glycerine 

5o 

gm 

CMcken  and  Rica 

¥lfic0  and  tihicken  Dinner  freeze-dried 


by  Amour 

1000 

gm 

Binder  tray-dried 

140 

gm 

Glycerine 

70 

gm 

Shrimp  Creole  freeze-dried 

1000 

gm 

binder  tray-<4ried 

140 

gm 

Glycerine 

60 

gm 

Tapioca  Pudding  freeze- dried 
binder  tray-dried 

1000 

gm 

140 

gm 

Glycerine 

90 

gm 

Chocolate  Pudding  freeze-dried 

1000 

gm 

Binder  tray-driea 

140 

gm 

Glycerine 

120 

gm 

Plum  Pudding  freeze-dried 

1000 

gm 

Binder  tray-dried 

li^O 

gm 

Glycerine 

40 

gm 

Banana  Cream  Pudding  (Jell-0) 

1000 

gm 

Binder  tray-dried 

140 

gm 

Glycerine 

70 

gm 
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TABL^  XXIV 


(Continued) 


Creamed  Beef  (30o  type) 

Bee/  freeze-dried 

Instant  Jei  Starch 

Non-Fat  Dry  Mill;  Soiids-Instant 

Inf!tant  Clear  Jei  Starch 

Pepper  (Saromex  ”3”) 

Cnion  (Saromex  ”3”) 

Salt 

Binder  tray-dried 
Glycerine 


500  gm 
172  gm 
2o0  gm 
56  gm 
2  gm 
2  gm 
k  gm 
II4.O  gm 
160  gm 


Chicken  a  la  King  freeze-dried 

Binder  tray-dried 
Glycerine 


1000  gm 

IkO  gm 
oO  gm 


Cream  of  Mushroom  Soup  (Red  Kettle) 

Binder  tray-dried 

Glycerine 

Welsh  Rarebit 

Clear Jei-Inatant 

Non-Pet  Dry  Milk  Solida-Instant 

Boatreme  Cheddar  1736  A 

Beetreme  Cheddar  1326 

Beatrerae  Parmesan  1322 

Salt 

Pepper  (Saromex  "S") 

Dry  Mustard 
Binder  tray-dried 
Glycerine 

Beef  Barley  Soup  (ReC.  Kettle) 

Binder  tray-dried 
Glycerine 

Clam  Chowder  freese-(  ried 
Mndor  tray-dried 
Glycerine 

Vegetable  Noodle  Soup  (Red  Kettle) 

Binder  tray-dried 

Glycerine 


1000  gm 
IkO  gm 
120  gm 


150  gm 
kOO  gm 
160  gm 
180  gm 
do  gm 
k  gn 
2  g» 
6  gm 
IkO  gm 
loO  gm 


1000  gra 

IkO  gm 
oO  gm 

1000  gm 
140  gm 
oO  gm 

1000  gm 
IkO  gm 
oO  gm 
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TABLE  XXIV 


(Continued) 


Chicken  Noodle  Soup  (Red  Kettle) 

1000 

gm 

Binder  tray-dried 

114-0 

gm 

Glycerine 

100 

gm 

Coffee  with  Cream  and  Su.i^ar 

Instant  Coffee  (Sanka) 

260 

gm 

Powdered  Cream  (Coffee-Mate) 

1+80 

gm 

Sodium  Cyclamate 

l.k 

gm 

Sodium  Saccharin 

.6 

gm 

Binder  tray-dried 

IkO 

gm 

Glycerine 

8o 

gm 

Sugar 

21+0 

gm 

Orange  Juice 

Orange  Crystals  (McKee's) 

1000 

gm 

Starch  (Col  Flo  67) 

100 

gm 

Binder  tray-dried 

11+0 

gm 

Glycerine 

So 

gm 

Tomato  Juice  freeze-dried 

1000 

gm 

Starch  (Col  Flo  67) 

100 

gm 

Binder  tray-dried 

11^0 

gm 

Glycerine 

oO 

gm 

Apricot  Nectar  freeze-dried 

1000 

gm 

Instant  Clearjel  Starch 

50 

gm 

Binder  tray-dried 

11+0 

gm 

Glycerine 

90 

gm 

TABLE  XXV 


PENETRATION  AND  SOLUBILITY  TESTS  ON  2-1/2  INCH  FOOD  BARS 
MADE  WITH  MATRIX  NO.  18,  SPRAY-DRIED  BY  EVANS  RESEARCH 
AND  BY  FOREMOST  DAIRIES.  INC. 


Food  Component 

Matrix 

Penetration  Value 
in  Millimeters 

Solubility 
Value  in  Minutes 

Six  -  Foot  ‘ 
Drop  Test 

hicken  a  la  King 

|E39 

Breaks  in  Test 

109 

50 

26 

Failed 

Cracked 

SDE 

337 

40 

Cracked  1 

lili  con  Came 

SDFD 

175 

24 

Chipped  j 

ream  of  Mushroom 

SDE 

188 

42 

Cracked  1 

Soup 

SDFD 

22 

Passed  ^ 

SDE 

94 

S3 

Cracked 

IOC o late  Pudding 

SDFD 

47 

47 

Passed 

SDE 

120 

52 

Cracked 

'ange  Juice 

SDFD 

49 

28 

Passed 

SDE 

205 

57 

Cracked 

■ef  Barley  Soup 

SDFD 

81 

45 

Passed 

•k 

Spray-dried  by  Evans  Research 

★ 

Spray-dried  by  Foremost  Dairies,  Inc. 
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TABLE  XXVI 


PENETRATION  TESTS  ON  FOOD  BARS  CONTAINING 
PLASTIC- TYPE  FAT* 


Food  Bars 

Penetration 

Value  (mm) 

Without  Fat 

With  Fat 

Chicken  a  la  King 

287 

410 

Cream  of  Mushroom  Soup 

167 

202 

Plum  Pudding 

111 

187 

Chicken  Soup 

213 

183 

Beef  Stew 

185 

234 

*Ratlo  of  fat  to  natrlx  1:1 
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TABLE  XXVn 


CALORIE  VALUE  OF  FOOD  BARS 


— 

Food  Bar 

Calories/Ounce 

Clam  Chowder 

110.57 

Tapioca  Pudding 

164.43 

Cream  of  Mushroom 

147.42 

Beef  Barley 

110.57 

chicken  Noodle 

121.91 

Vegetable  Noodle 

113.40 

Chicken  )x  la  King 

170. 10 

Plum  Pudding 

141.75 

Shrimp  Creole 

119.07 

Chocolate  Pudding 

116.24 

Chili  con  Came 

136.08 

Coffee  with  ^  ream  and  Sugar 

158.76 

Beef  Stew 

124.74 

Orange  Juice 

124.30 

Welsh  Rarebit 

138.92 

Beef  (Chipped  Beef  on  Toast  Type) 

124.74 

Banana  Cream  Pudding 

119.07 

Tomato  Juice 

110.60 

Apricot  Nectar 

122.40 

Chicken  and  Rice 

144.59 
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TABLE  XXVin 


REVISED  FORMULAS  FOR  TOMATO  JUICE.  ORANaS  JUICE  AND  APRIC OT  NECTAR 

The  following  formulas  were  prepared  in  order  to  raise  the 
caloric  value  of  the  Tomato  Juice «  Orange  Juice,  and  Apricot 
Kectar  food  bars  so  that  these  bars  would  meet  government 
requirements: 


Tomato  Juice 


Tomato  Juice  (Revised)  1)4.2  gm 

Freeze-Dried  Tomato  Juice  25  gm 

Instant  Clear jel  Starch  2U  gm 

Tray-Dried  Binder  15 

Beatreme  "C"  15  3® 

Orange  Juice  Revised 

Orange  Juice  Crystals  (McKees)  154  E® 

Col  Flo  67  Starch  17  g® 

Beatreme  "C*  13  g® 

Tray-Dried  Binder  23  gm 

Glycerine  13  gm 


Apricot  Nectar  Revised 


Preeze-Dried  Apricot  Nectar  154  g® 
Col  Flo  67  Starch  17  gm 
Beatz*eme  "C"  11  gm 
IVay-Dried  Binder  23  g® 
Glycerine  13  g® 
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TABLE  XXXI 


TABLr-  XXXII 


3uLUoli.ITy  H:.;ADlNaS  FO.^  PiiAoa  II  FOOD  BARS 
(Uain  a  Fork  ti  Break  Up  the  Pood  Bar) 

FOOD  BAR  MINUTES 


Beef  Stew  7 

Shrimo  Creole  5 

Chicken  it  Rice  3 

Chili  Con  Came  3 

Tapioca  Pudding  15 

Banana  Cream  Pudding  3 

Chocolate  Pudding  17 

Pltxm  Pudding  6 

Beef  SOS  12 

Chicken 'k  la  King  I4. 

Crear.  of  j'lehroom  Soup  7 

Welsh  da-’ebit  16 

Clam  Chowder  10 

Chicken  Noodle  Soup  6 

Beef  Barley  Soup  6 

Vegetable  Noodle  Soup  3 

Apricot  Neotar  14 

Tomato  Juice  15 

Orange  Juice  14 

Coffee  9 
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TABLE  XXXI I I 


rpirtKATiai  nm  or  wmc  n  rooo  mm 

on  t-MOWTH  5T0«ACI  TEST  SiUOLtl 
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TABLE  XXXIV 


DENSITY  OF  PHASE  II  FOOD  BARS 


Food  Bars 

Density 

Beef  Stew 

1.09 

Clam  Chowder 

1.06 

Shrimp  Creole 

0.95 

Beef  SOS 

0.97 

Apricot  Nectar 

1.13 

Tomato  Juice 

1.07 

Tapioca  Puddlne 

1.13 

Chicken  a  La  Kina 

1.01 

Chicken  and  Rice 

1.02 

Oranse  Juice 

1.36 

Chicken  Noodle  Soup 

1.08 

Beef  Barley  Soup 

1.00 

1.25 

Coffee 

1.06 

Chill 

.99  . 

Chocolate  Puddine 

1.65 

Cream  of  Nuahrooa  Soup 

.98 

Veaetabie  Hoodie  Soup 

1.29 

Uelah  Rarebit 

1.17 

Plum  Puddina 

1.31 _ 

\rm/cc 


-  70  - 


FIGURE  1 


PHOTOMICROGRAPH  OF  FREEZE-DRIED  MATRIX 


FIGURE  2 

PHOTOMICROGRAPH  OF  mY^DRIED  MATRIX 


FI PURE  U 

PHOTOMICROGRAPH  OP  SURFACE  OP  GRAHAM  CRACKER  BAR 


MADE  WITH  FREEZE-DRIED  MATRIX 


FIGURE  $ 

PHOTOMICROGRAPH  0^  SURFACE  OF  GRAHAM  CRACKER  BkR 


MADE  WITH  TRAY-DRIED  MATRIX 


FIGURE  6 


PHOTOMICROGRAPH  OF  iSURFACE  OF  GRAHAM  CRACKER  BAR 
MADE  WITH  SPRAY»DRIED  MATRIX 


FIGIIPE  7 


PHOTOMICROGRAPH*  OF  LACTOSE  SPRAY- DRIED  BY  FOREMOST  DAIRIES 


* 


Magnification  39x  (photograph  enlarged) 
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